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TRAINING EQUIPMENT RECUIREMENTS
 FOR THE APOLLO SPACECRAFT
1, SCOPE
This report defines the training equipment required in support of the
Apollo training program. The equipment will facilitate the training
of spacecraft crew and maintenance persomnel individually, or as

coordinated teams to fulfill the training requirement,

2. DESIGN AKD PERFORMANCE RECUIREMENTS
201 Design Recuirements

The trzining ecuipment will reflect minimum design and maximum flex-
ibility and, where prectical, utilize all state-of-the-art advancement
occuring during the development period,

2.2 Performance Requirements
Trainer performance characteristics will be commensurate with the
information on the spacecraft performance characteristies as accrued
during the trainer development period.

S TRAINING EQUIPMENT DESCRIPTION
Individual trainer descriptions and general nerformance characterist.ics
will be as specified herein., Emphasis will be rlaced on simplicity,
minimum size, versatility, ease of maintenance, and minimum time for

problem generation,

SID 62-358
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Part Task Trainers {Crew Trainers)

The part task trainers will be designed to facilitate the attainment
and maintenance of crew proficiency in the techniques and procedures
associated with the management and control of the Apollo spacecraft.,
Bach trainer will provide procedural training for only those tasks
directly related to a specific mission segment, Each trainer will be
completely independent of any other trainer and will include instruc-
tor = operator consoles, couputing equipment, and power supplies, as
required., Individual trainer configurations are degendent upon the
tasks 1~ be perfeormed and will be as deacribed in the TI'ecilowing palus
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Tetlat Attitude Contrcl Triiner (T14=5600C2)

Selel,il Description

The Attitude Control Trainer will provide training for the space-
craft crew in the technique of control device manipulation to achieve
and/or maintain a desired attitude of the spacecraft, The trainer
will provide a realistic replica of the pilot seat, the pencil stick,
the rudder redals, all other contrels and switches directly related
to ctiltide curtors, ard 21l instruseuls reiuted o at*isude indie
cation of the suacecraft, All attitude contrecls and indieators will
be operable nnd will exhihit the same dyn-mic characteristics as
the corresponding equipments in the actuzl command module, The
troiner will be a fixed base trainer, Provisions will be incorporated
. for adjusting the dynamic responce of the indiceting instruments
from the maximum attainable retes (free space condition) to rates
corresponding to those attainable in the command module during
re-entry., Provisions will be incorporzted for injection of transients
and disturbances choracteristic of equipment responses under mal-
function conditions in the actual spacecraft. The trainer will
include a modified command module, the instructor's ecuipment con-
sole, peripheral computing equipment bays, utility equipment bays
of power and ventilation systems, assembly structure, and inter-
connecting cabling,
The physical construction of the command module will be accomplished
in such a manner that it can be opened up into three (3) sections.
This will allow ease of accessibility to interior equipment for

.’ maintenance purposes.

> I
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Performance Capabilities
The Attitude Control Trainer will be designed to provide man oriented

training to display the effect of acceleration, velocities, and forces
for any given Apollo spacecraft configuration, Reaction control and
propulsion control forces applied to the spacecraft will be simulated
in conjunction with the stabilization and control system, and with
manual control capability., The simulation will provide training
in two basic categories, program selection to provide zutometic
control and manual control. The trainee will be instructed in space-
craft control, with syster and partial system failure features.
Attitude control training is conceived as training both in and out
of earth environment; however, it will not include re-entry. It
will inglude earth orbit, mid-course, and lunar environment problems,
as related to attitude control,
Noise and vibration will be sig;iéted.to provide realism in the
simulated operational control of the spacecraft,
Spacecraft Systems Functional Analysis
The following spacecraft functional parameters are applicable for
the design of the Attitude Control Trainer:
CONTROLS APPLICABLE

Attitude Stick (pitch and roll)

Rudder Pedals (yaw)

Auto Control System (auto pilot)

Mode Selector Switch(es)

ON-OFF Switch(es)

" SO
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Gein Controller
INSTRUMENTS AFFECTED

Flight Director Attitude Indicator Group
Roll Rate
Roll Displacement
Yaw Rate
Yaw Displacement
Pitch Rate
Pitch Displacement

1AS, Pressure Altitude and Altitude Rate Indicator

DECISION RESPONSES

Transfer from Automatic to Manual Control

Correct for deviations from riormal or predicted attitude
Determination of direction of correction
Determination of rate of correction

Maneuvers for observation

Maneuvers preparatory for re-entry

RESPONSE CHARACTERISTICS

Synthesize instrument response rates as function of control

manipulations,

Synthesize forces and response characteristics of control

actuation devices (stick and rudder),
GENERAL ECUIPMENT RECUIREMENTS

~5- M
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Similated Command Module

The simulated command module will be designed to provide the pilote
commander attitude control training environment, in which any attitude
control functions external to the pilot-commander environment will be
provided as instructor support functions.

The simulated command module will consist of controls and displays
required for effective monitoring and control of the attitude of the
simulated spacecraft. The training environment will include all
controls and displays located and associated to appear the same as

in the ectual command module, The instruments and controls required
for training will include a primary action group and an information
group. The primary action group is that group through which pilot
action/fesponse is exercised., The information group is thzt group
from which the pilot receives information,

The module will be constructed in such a manner that access for
maintenance and operation is maintained without any deterioriation

of the training environment,

Instructor Control Station

The instructor control station will include problem control and
trainee evaluation equipment, The computiug system will be controlled
from this station via analog and digital formats., The task of pro-
gramming operations will be performed utilizing equipment included

for this purpose. The instructor control station equipment will
provide problem management capability to present, monitor, alter, and

evaluate programmed instruction for the astronaut trainee,

- CoEm
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O‘ The instructor console will provide eguipment for two place operstion
and control, One station will provide information read-out utilizing
duplicate instrumentation of the command module, with asscciated logw
ical malfunction insertion capability., The other station will provide
routine and sub-routine program instruction equipment, with monitor
and evaluation equipment, Associated between both stztions, system
status and logical data insertion status indic:tors are provided
for instruction back-up and progrem screduling,

The instructor console will be curved, and accomodates two instruc-
tors. One instructor will control program, communication, and evalua=-
tion equipment, while the other will be concerned with the training

of the astronaut directly. A set of instrumentation will be provided
for the latter instructor's station, being duplicates of the command
module or pilot instrumentation. Additional controls are provided
for the control of the training problem. These controls are located
in the middle area betwesn instructor stations in such a manner that
either instructor may effect operation,

3e1e1+343 Computing Equipment
A computer system will be furnished to provide the attitude control
problem, which is determined by spacecraft configuration, and task
requirements. The spacecraft configuration will determine moments
of inertia, location of center of gravity, propulsion system employed,
and reaction control system selected use., Thrust vector contrel,
utilizing Vernier engines combined with mission propulsion system

firing (in the case of the service module), will be simulated as it

SID 62-358
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affects attitude control. Thrust vector control, utilizing the
terminal propulsion system in conjunction with the main propulsion
system (in the case of the lunar landing module), will be simmlated
as it affects attitude control.
The command module and service module reaction control systems may
be manually or autometiecally controlled. In the actual craft the
stabilization and control system provides automatic control, In
manual operation, the pilot will control these systems directly.
The separate and selected use of these systems will be simmlated.
The computer provided to simulate the attitude characteribtieg of the
spacecraft will be an analog device with a supporting digital pro-
grammer, The analog computer will provide spacecraft dynemic chare
‘ acteristics in earth, midcourse, and lunar environments, Bach
environment will require particular spacecraft characteristics.
Spacecraft configuration features for each environment may be
changed at trainee option, such as abort requirements programmed
for training, Under these conditions the computing equipment will
be under program control through the digital programmer,

The digital programmer provides a means for encoder and logical
inputs, and for compatible digital scaling of instrumentation in
the command module., It also provides a means far instruction format
introduction from the instructor's station; that is, program and
sub~-routine programming is afforded at instructor optien,

The .programmer will provide logic control input date to the command

module and to the computer when required to provide automatic features

- SONNBI—
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simleting ot'f=lo. wug of spacecraft weight, malfunction of engines,
change of center of gravity, change in moments of inertia, and the
control of light indicatic;\f;é on command module and instructor station
console panels, Any scale changes of trainee control quantities due
to environment or spacecrzft configuration will be controlled auto-
matically through the digital programmer, ATo provide the different
earth, midcourse and luner envirc:..e..ts, the computer configuration
will change, To provide the different spacecraft configurztions, the
computer configuration will change. Since abort requirements obviate
the change in spacecraft configuration ir any environment, computer
configuration changes occur as interac ting between environment and —
spacecraft configuration, These interacting computer configuration
' changes affect corresponding vehicle dynamic charascteristics, and
wltimately affect the control char-'-:vcteristics. Spacecraft configur-
ations are (1) command module alone, (2) command and service module,
(3) command module, service module, adapter, space laboratory and
(4) command module, service module, adapter, and lunar landing module.
3.1.1.3.4 YVentilation Equipment
The trainer design will provide for adequate positioning and spacing
of components whose operation involves the release of heat at apprec-
iable rates so as to prevent excessive temperatures in their immediate
environment, Normal convection will affect the dissipation of heat
generated by electronic components, Where the rate of heat dissipas:
tion is too high to warrant reliance upon normal convection for cooling,

forced ventilation will be installed.

o SONSIDRNI
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3¢141.3.5 DPower Equipment
Power generation, distribution and control equipment will be provided

|
\
|
|
|
as recuired.
\
|
|
|
|
|
|
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Propulsion Control Trainer (T14-860003)

Description

The Propulsion Control Trainer will be designed to provide treining
for Apollo astronauts in propulsion system selection and operation
to perform attitude and orientation tasks. The training provided
will be integrated training, combining the astronaut in the opera-
tion of the reaction control and the propulsion control system
with visual observetion of instrument indicstions.
Physically, the trainer will consist of & simu’ated commend module,
computer and power emipment bzys, and instructor station ecuipment,
The computer equipment brys will include enalog and digital simu~
lation equipment., The computing equipmert will integrate the
control actions of the astrmaut troinee end the instructor IO
viding a realistic dynamic movement of the spacecraft through
instrumentation within the comm-nd module, Simulation »f sound
and vibration within the command module will serve to incresse a
realistic simulation of the command module environment.
Instructor station monitor and rroblem control functions will be
introduced intc the command module and computer comnlex., The
instructor's station will have duplicate instrumentation of the
command module, with independent controls to verform monitor and

control functions.

12 -SolERENIE-
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Performance Capabilities

The Propulsion Control Trainer will be designed to simulate the
oreration of the reaction control systems, the propulsion control
systems, the Vernier propulsion system, terminal propulsion system,
The design will‘allow both astronaut and instructor control of
these systems. This simulation will include all possible space-
craft configurations, as:
(1) Command Module
(2) Command Module and Service Module
(3) Command Module - Service Module — Space Lab
(4) Command Module - Space Lab (rendezvous)
(5) Command Module - Service Module - Adapter -~ Lunar Landing
'I' Module
Computing equipment will be designed to rrovide instrument indi~
cation of dynamic movement of the spacecrzft. The given or sel-
ected configuration of the spacecraft will be prograrmed into the
computing complex. The dynamic characteristics of the snacecraft
will change with the selection of the spacecraft configurction,
The computer systems will receive inputs for various spacecraft
configurations, Computing different center of gravity effects,
different moments of inertia, and different rroducts of inertia
effects, will be accomplished in the real time solution of these
different dynamic problems, The changes in dynamic characteristics
due to spacecraft configuration and off-loading of mass will be
observed through instrument indication at the command module and

‘ instructor station instrument panels. This design will afford

5 SSRTPEE
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The simulation of earth environment and lumar environment resction
and propulsion control problems are necessary for Apollo Phase A,
Phase B, and Phase C training. The selection of these computed
environments will be initiated by the instructor as part of the
programming of training schedules, With this selection capabil-
ity, the computer complex will produce a real time solution for
the particular propulsion control problem selected. The computer
complex will provide six degrees of dynamic freedom of movement
in both earth and lunar environments., At the instructor's option
the selected propulsion problem in either environment will be
under the control of the astronaut trainee,

. The instructor will be able to provide discrete malfunction inser-
tion and abort malfunction conditions; Capability for inserting
malfunctions will be required at the instructor's consote. These
inserted mlfunctions will affect functional parts and systems of
the spacecraft, As a result of this program of inserted malfunce
tions, the astronaut will be required to properly exercise proced-
ures to provide alternate methods of propulsion control. Through
observation of the astronaut activity within the command module
the instructor can provide training instructions more specifi-
cally and rapidly, Communication with the astronauts will be
established by the instructor by simulation of the actual command
module intercomrmmications system. The intercommunication control

exercised by the astronaut will be the same as in the actual

14~ “ONRBRNNEL
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cormand module,

General Equipment Requirements

Simulated Command Module

The simulated command module provided for the Propulsion Control
Trainer will be designed to provide the actual physical environ-
ment for the astronauts. The command module will be designed to
provide adequate access in the interest of maintenance and pre-
ventative maintenance, The design will afford the insertion and
removal of equipment with ease,

Included in the command module will be the pilot's and engineer's
seats, The simulated instrument panel will be located in correct
relation to the seats. The instrumentation on the instrument
penel needed for the Propulsion Trainer will be activated by the
computer, Instruments not used for propulsion will be included
in the proper relationship but will not be activated,

Peripheral equipment within the physical limits of the astronauts,
and equiprent which the astronaut will associate visually will be
included, The equipment will be representative of the equipment
in the actual command module with respect to size, color and
location.

Instructor — Operator Station

The instructor control conséle will provide for problem programming
capebility, problem monitoring capability, and problem evaluation,
Problem programming capability will be afforded through logical
inputs. These will be inserted at the option of the instructor

or according to the training schedule format,

RONNDENE

SID 62-358

-15-



2'
0
pij
-4

L

361424343

! AMERICAN AVIATION, INC. { @ SPACE and INFORMATION SYSTEMS DIVISION

Problem monitoring capability will include status lights and
instrument panel repeater instruments., Through the use of comm—
unications and those items listed, the instructor will be required
to instigate, maintain, evaluate, and re-progrem the trzining
problems during their scheduled progress.

Problem evaluation equipment will be included as specified during
finalization of the propulsion trainer design, and in accordance
with human fector studies. It is expected this equipment should
provide methods for meaningful evaluation of astronaut training
proficiency.

Instructor - Operator station indications, displays, and controls
will be devised and designed to provide instructor control of the
training program. This equipment concept will allow versatile and
flexible control in the interest of routine and selected sub-routine
programming at appropriate times in a real time training problem.
Computer and Peripheral Ecuipment

The computing system designed and employed to present the dynamic
training problems to the astronauts will be a hybrid computer
system, Digital and analog techniques will be employed to effect
astronaut and instructor control of the computing complex.

For solution of Euler Angle computation as applied to rotational
angles, velocities, and accelerations, the analog equipment will
be employed, Translational problems involving distances, velocities,

and accelerations will utilize digital techniques.

SID 62-358
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For controls of the logical and dynamic input-output of the command
module and computer equipment, a digital programmer will be used,
Instructor contiwl equipment and command module equipment employed
will be partially exercised through a digital programmer. Direct
control functions will not necessarily be routed through the
digital prograrmmer,

Sound and vibration simulation equipment will be included in the
computing equipment. This will employ electronic and electro-
mechanical techniques to provide sound simulation.

Air Conditioning Equipment

Air conditioning equipment will be employed to cool computer
equipment as well as trainee and instructor control areas., The
air conditioning system should include humidity control to avoid
sub=-tropical organic growth within components of the computing
equipment, The system will provide for complete environmental
control, providing optimum ambient temperature and humidity
standards,

Power Equipment

Power generation, distribution and control equipment will be

provided as required.

-17- CONNBENIRL

SID 62-358




NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

ANG%
I anumn:

3,1,3 Earth Re-Entry Trciner (T14~860004)
Jetedel Description

The Earth Re-Entry Trainer will simulate the re-entry phase of

an earth return mission., The re-entry phase will start at the

point of service and commend module separation which oceurs at

approximately 4000 N.M. altitude, and will continue through a

pre~determined flight path to earth touch down. During this

phase, the Re-Entry Trainer will simulate actual flight conditions

of the command module only. Starting at the separation point,

the re-entry flight path is as followss

s Maneuver of the command module to assume correct entxy
position (Blunt face forward).,

b. The -6.4° entry angle approach at 400,000 £t altitude
(entry interface).

¢. Command module pre-cooling mode,

de Activation of the re-entry oxygen supply.

e. Recovery system activation at 100,000 ft altitude
(recovery interface).

f. Deployment of drogue and main chutes,

g+ Deployment of recovery and survival equipment,

h. Activation of heat éhield and impact devices,

i, Touchdown (landing).

-19
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The Re-Entry Trainer will be a fixed base trainer and will pro-
vide for the integrated training of a three man (pilot, co-pilot
and engineer), crew in all phases of re-entry to develop tech—
nigues and skills in control manipulation relative to the auto=-
matic or manual piloting of the spacecraft. The trainer will
consist of a simulated command module, instructor - operator
console station, visusl simulation equipment, computing and
peripheral equipment, air conditioning and environmental equip-
ment, electrical power equipment, commmnications equipment,
recovery and survival aids, recording and monitoring equipment
and assembly structures,
Provisions will bé incorporated for adjusting the dynamioc

. indicating instrument response from maximum attainable rates to
corresponding rates in the spacecraft during re-entry. Other
provisions will be available in the trainer for the injection of
transient disturbances under malfunction conditions occuring
during actual apacecraft flight. Ingress and egress of the
trainer will be through a walk in door. A closed circuit tele-
vision system will be installed to allow instructor observation
of crew member activity during the training period.

Fele3e2 Performance Capabilities

The Re-Entry Trainer will be capable of astronaut training through
all re-entry flight phases, maneuvers, control problems, and

emergency situvations as listed below:

~20=
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Service Module Separation Manual Flight Control

Orientation Maneuver Navigation

Environmentsl Activation Communications

Corridor Approach System Malfunction

Pull Out Maneuver Recovery Ecquipment Deployment
Automatic Flight Control Survival Aids Deployment

The trainer will simulate the actual spacecraft performance during
re-entry including the effects of acceleration, velocity and g
forces by instrument and computer responses. The spacecraft
attitude and position will be comruted continuously and will be
capable of rezl time sequencing during the re-entry phase, All
instruments displeyed will be computer driven with dynamic res-
ponses and accuracies typical of act:al spacecraft instruments and
. components, For the simulation of the reaction (propulsion)
system, computing equipment will be utilized. This will be
analog computing equipment utilizing digital programming to
reach compatibility between the computer and digitzl instrumen-
tation of the module. Simulation will also be in conjunction with
the stabilization control system and manusl control through the
pilotts hand and foot controllers., This will provide training in
both automatic and menual control in the event of partial or com-
plete syst m failure. Simulation of Deep Space Instrument Facility
(DSIF) and Ground Operational Support System (GOSS) data will be
provided, Of the various systems making up the Apollo missions,

only the following control systems are in operation during the

‘ re-entry phase,
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Guidence and Navigation System

Stabilization and Control System

Service Module Reaction Control System

Command Module Reaction Control System

Environmental Control System

Electrical Power System

Communications System

Instrumentation System
To avoid redundancy, only those portions of each system having
basic functions during the re-entry phase will be actively
included in the Re-Entry Trainer concept. The trainer will
duplicate these functions to the extent of utilizing actual
system components modified as necessary for training, or by
similation technigues where system degradation is not compromised.
The trainer will be capable of providing facilities for in-flight
detection, isolation and replacement of malfunctioned equipment,
Control Systems Functions
The following spacecraft functional parameters are applicable to
the Re-Entry Trainer design,

Controls Operable Instruments licable

Attitude Hand Controllers Guidance and Navigation

Attitude Foot Pedals Computer

S.CeS. Mode Selector Printer

Flight Director Indicator Stabilization Control

Computer Control Panel Flight Director Group

-22- ONSBLALAE
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Controls Operable Instruments Applicable
Re-Entry - Abort Display Reaction Control

Inertial Platform Control Survival Indicator

Correction Panel Distance - Time - Velocity
Circuit Breaker Panel Pressure Altimeter
Cabin Lighting Switches Power Distribution
Audio Panel I.A.S. Altitude Angular Rate
Communications Panel Trajectory Error
S.C.S. Adjustment Environmental Control
Recovery Aid Deployment Vehicle Attitude
Telecommmnications
Periscope
TV Monitor

System Status Lights
General Equipment Requirements
To provide for the complete and effective training of a three man
crew, the Re-Entry Trainer will require the following minimum major
assemblies, components and equipments,
Simulated Command Module
The sirulated command module will be an authentic replica of the
actuzl command module with regard to the interior arrangement,
The interior configuration will include all controls, displays,
equipment, crews quarters, etc. All equipment and control systems
pertinent to re-entry will be actual flight units where practical,
or operational modifications. All other equipment will be mocked

up in actual size and installed in correct cabin location. Viewing

s o
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windows, hatches and such structures necessary for complete simue
lation will be duplicated. Due to the extreme high temperatures
encountered externally during actual command module re-entry, pro-
visions will be made through an environmental air conditioning
system to simulate the anticipated environment within the similated
command module. The simulated command module will be constructed
in such a manner that access for meintenance and operation is
easily maintained without any deterioration of the equipment. The
external configuration will be duplicated only to the extent for
providing realistic training procedures. Noise and vibration
peculiar to the re—entry phase and experienced in the actual space~
craft will be reproduced within the simulated command module,

. 301434302 Instructor'— Operator Station
The instructor - vperator station will consist of an integrated
arrangement of consoles, display panel boards and graphic displays,
The console panels will contain controls, displays and repeater
indicators to effectively monitor the re-entry training phase,
Controls, displays and indicators will be identiczl to those simu=
lated in the command module., Provisions for problem management
will be made at the instructor's station to introduce system mal=
functions, failures, emergency conditions and various control
problems for presentation to the crew. The recording, evaluation

and monitoring of crew actions to simuleted problems will be provided,

24~ .
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The computing system will be controlled from this station. The
instructor - operator station will provide for and consist of two
consoles, One console or panel group will provide for the utili=-
zation of duplicate simulated command module instrumentation
resulting in the monitoring and evaluation of crew flight actions
as performed within the command module. A second console will pro-
vide routine instruction program inputs by the instructor to
introduce commands to the training crew, Associated with the two
consoles, a display panel board containing systems status data and
logical data status indicators is rrovided for instruection backup
and program scheduling, Sufficient controls, displays, counters,
TV monitors, recorders, readouts and other necessary ecuipment
for complete crew training will be provided. Intercommunication
facilities between instructor and crew and adequate work arecs
will be provided.

Graphic Display Panel

A graphic display panel will be provided to exhibit a moving
trajectory profile time~distance plot of the re-entry track dise
playing altitude and range in the direction of flight path and range
in the direction across the flight path. This equipment will be
analog servo mechanism driven by the computer system from the
pilots control action within the command module,

Visual Simulation Equipment

The visual simulation equipment will provide all visual presen=—

tations to the crew as applicable to the re-entry phmse. The

s oammmE"
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programmed re-entry phase will originate from a real time solution
of the problem. The equipment will be analog or high resolution
digital servo mechanism driven by the digital computer system,

The equipment will provide a celestial display and earth situation
display of sufficient accuracy to pernit the use of the astral-
sextant for navigational observations. The visual display system
will provide coordinated window, periscope, and astral sextant
viewing in such manner that realistic representation is obtained.
The earth presentation will be of sufficient resolution thzt obser—-
vation of surface detail will correspond to a viewing distance of
4000 nm altitude to a distance 400,000 ft altitude and for presenting
the earth display in the proper size relationship corresponding to
the computed spatial position of the spacecraft. Provisions will
be made for presenting movement into and out of the fields of view.
Trensmission of visual information from visual display simulation
equipment to the crew observation facilities (windows - periscope-
astral sextant) will be by light optical techniques or approved
equivalent, Transition through various presentation scales will
be smooth to the point of minimum crew detection,

Computers and Peripheral Equipment

Computers and peripheral equipment will consist of analog and
digital computers, programmers and signal conditioners, Digital
computers will accept program control routine and sub-routine
functions and will serve as a master control of the computer complex,

A digital programmer will program the computing equipment and

26 “SONROBIR
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provides a means for encoder and logical inputs and compatable
digital scaling of instrumentation in the simulated command module,
It also provides a means for instruction format introduction from
the instructor - operator station to afford option of program
routine or sub-routine programming action., The programmer will
provide logic control input data to the command module and to the
computer. Output computer data will control end activate the dis-
plays and associated equipment within the command module and inst-
ructor - operator consoles,

Peripheral computing equipment will consist of signal conditioning
and analog equipment, The analog computer, along with a supporting
digital computer will be prcvided to simulate attitude character-
istics during re-entry trajectory. Analog equipment or high
resolution digital servo equipment will simulate flight parameters
and provide control signals for the visual simulation displays.
Flight parameters will include simulated command module weight
off-loading, reaction jet malfunction, center of gravity change,
moments of inertia, acceleration, velocity, and attitude with
respect to the re-entry frame of reference. Computers will perform
real time solutions of all equations necessary to represent the
dynamic behavior of the re-entry phase., Computer flexibility will
be sufficient to absorb simulation changes and incorporate adequate

ranges without component modification.

Air Conditioning Equipment
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The simulated command module design will provide for adequate loca-
tion and positioning of equipment and component assemblies, vhose
operation involves high heat release, to prevent excessive temp—
eratures within their immediate area. Where high heating is anti-
cipated, forced ventilation to increase heat dissipation will be
provided,
The air conditioning system will be capable of providing pre-cooling
of the command module and crew at the simulated initial flight
phase just prior to service module and command module separation,
Due to the extreme high temperatures experienced externally during
a portion of the re-entry flight, the air conditioning system will
provide the anticipated temperature range and environment within
the similated command module during this problem phase,
The air conditioning system will also provide for the ambient
temperature and humidity range and control of the complete training
area external to the command module, This area includes the oper-
atord consoles, computers and pheripheral equipment.

301337 Power Ecuipment
Power generation, distribution and control equipment will be

provided as required,
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Earth Orbital Treiner (T14-860005)
Description
The Earth Orbital Trainer will provide integrated crew training in
all phases of the earth orbital mission, (which do not include the
Space Laboratory as a part of the mission complex), including earth
pre=launch, launch, and orbit phases with launch egcape capabilitye.
Visual simulation will be provided for launch and orbit. The trainer
will be capable of real time sequencing of the complete earth orbital
mission and will reflect the high relisbility requirements specified
for the Apollo spacecraft, The trainer will include simulation of
the Mission Control Center and simulated monitoring and tracking
sites in order that all phases of an earth orbital mission may be
included in the training program. A closed circuit television system
will be installed to allow instructor observation of crew member
activity during the training period.
Performance Capabilities
The Earth Orbital Trainer will reflect and realistically duplicate
spacecraft system performance by utilization of actual systems and
components, modified as required for training purposes, or by
simulation techniques where degradation of system performance is
not compromised, The spacecraft systems represented in the trainer
will include, but is not limited to the following major systems:

Navigation and Guidance

Stabilization and Control

Propulsion

Reaction Control

o coNNDUIT
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Launch Escape

Environmental Control

Electrical Power

Communications

Instrumentation
Simulation of the Ground Operational Support System (GOSS), Deep
Space Instrumentation Facility (DSIF), commmnications and data link
networks will be accomplished by the equipment incorporated in the
instructor - operator station(s), for simulation of the Mission
Control Center and remote tracking and monitoring sites. The
trainer will be capable of providing inflight maintenance training
in detection, isolation, and replacement (or alternate mode selec~

. tion) of malfunctional items.,
3e1:4.3 General Equipment Reguirements
Complete and effective similation of the total mission complex
programmed for the Apollo spacecraft will require that the Earth
Orbital Trainer have the following minimum msjor assemblies,
3016431 Simulated Command Module

The simulated command module will be an authentic replica of the
internal arrangement of the actual command module with respect to
size, shape, and equipment location., External configuration will
be duplicated only to the extent required for training. Entrance

to the simulated command module will be similar to the actual module,
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All controls and displays will be physically and operationally
representative of the controls and displays in the actual module,
Sounds and vibrations which are conspicuous in the actual module will
be similated with respect to frequency and amplitude.
3.1.4.3.2  Instructor - Operator Station(s)

An integrated arrangement of consoles will be provided for the
instructor - operator station(s). The consoles will consist of
sufficient controls, displays, and repeater indicators to effect-
ively monitor the overall training program. Repeater indicators
will be identical to those in the simulated command module, Pro-
viéions will be made for introducing malfunctions and failures,
Realistic indications of malfunctions and emergency situations will

‘ be presented, Recording and scoring equipment capable of operating
at scales and ranges compatible with spacecraft capabilities will
be provided, Included will be intercommunication facilities and
adequate work areas,

3e1.4.3.3 Yisual Simalation Equipment

Visual simulation equipmeht will provide all visual presentation
to the crew members during launch and earth orbital simulated
missions., The programmed control of the visual simulation equip-
ment will originate from a real time solution of the spacecraft
flight problems, The visual simulation equipment will be analog or
high resolution digital servo-mechanisms driven by the digital

computer system. The equipment will provide high resolution terrain

S1D 62-358
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similation for the launch phase and a scaled model(s) of the earth
for the hase. Provisions will be included for illumination
control of the earth model to present a realistic transition from
day to night light conditions during the simulated orbit. The earth
model simulation will permit variation in the apparent size and
detail resolution corresponding to the simulated altitude of the
spacecraft, Provisions will be included for lateral translation of
the earth model simulation will permit variation in the apparent
size and detail resolution corresponding to the simmlated altitude
of the spacecraft. Provisions will be included for lateral trans-
lation of the earth model in order that horizon viewing may be
similated, The visual simulation equipment will include a celestial
display for star sighting and mavigation corrections during the
orbital phase, Simlation of sun light ingress (solar shafting)
will be incorporated as part of the visual simulation equipment and
will be controlled as a function of simulated spacecraft attitude
and earth-orbit position with respect to day or night visual simu-
lation. Color rendition of the earth-terrain simlation will bde
realistic and based on best obtainable data of color absorption/
reflection effects of the atmosphere from launch to orbit altitudes,
The visual display system will provide coordinated viewing from the
windows and periscope in a manner that will permit realistic repre-
gentation simultaneously from all viewing arertures., Transmission
of visual information from the visual simulation equipment to the
crew member observation facilities will be by light-optical tech-

niques or approved equivalent. Transition from one visual display
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complex (for example from launch to orbit display), will be obtained
with a minimum of crew member detection of the transition. Smooth
transitions from-one display generation technique to another tech=
nique will be accomplished automatically as a function of altitude
and/or attitude position of the spacecraft,

3e104.3.4 Computers and Peripheral Equipment
Analog and digital computers including analog-to-digital and dig-
ital-to-analog conversion equipment will be provided. The digital
computing equipment will accept program control routine and sub-

routine functions and will serve as the heart of the computer

complex., Peripheral computing equipment will consist primerily

of analog equipment. Analog equipment (or high resolution digital
' servo-equipment) will simulate the spacecraft flight parameters,
This will include spacecraft configuration as related to weight,
moments of inertia, acceleration and velocities., Step function
and logical controls will utilize digital computer circuitry for
functional responses, Utilization of redundant equipments may be
required to maintain system accuracies and performance for the
time periods representative of the Apollo earth orbital missions,
The computers will perform real time solutions of all equations
necessary to represent the dynamic behavior of the applicable
spacecraft systems, Output data from the computers will actuate
the displays and associated equipments, Computer flexibility will
be sufficient to sbsorb changes in simulation (required by space-

craft system modification), and incorporating of adequate Tranges
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without physical modification of computing components,

Air Conditioning Equipment

The trainer design will provide for adequate positioning and
spacing of components whose operation involves the release of
beat at appreciable rates so as to prevent excessive temperatures
in their immediate environment., Normal convection will affect the
dissipation of heat generated by electronic components., Forced
ventilation will be installed where rates of heat dissipation

are too high to warrant reliance upon normal convection for cooling.
The air conditioning equipment will also provide ambient temper-
ature control of the training areas,

Power Equipment

Power generation, distribution and control equipment will be

provided as required,
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Midcourse Correction Trainer (T14-860006)

Description

The Midcourse Correction Trainer will provide integrated crew
training in all phases of the midcourse situation including, but
not limited to, injection into trans-lunar/trans-earth trajectory
from perking orbit, ejection from trans-lunar/trans-earth traj-
ectory into parking orbit, and midcourse velocity and trajectory
error computation and correction.

The trainer will include visual simulation of the earth-moon-sun
situation and an astral display. The visual simulation will be
provided in such a way that direct viewing, periscope.viewing

and astro-sextant sightings may be accomplished with sufficient
accuracy to permit their utilization in navigation and velocity
measurements, The trainer will include capability for continuous
computation of simulated spacecraft position, The trainer will
provide a realistic represent:tion of all equipment in the command
module which is used either in normal operation or in emergency
conditions during the midcourse phase of lunar mission (guidance,
navigation, control and commmications systems only), The trainer
will be capable of real time and accelerated time sequencing of
the midcourse phase of lunar missions and will reflect the high
reliability requirements specified for the Apollo spacecraft.

All instruments displayed will be computer driven with dynamic
responses and accuracies typical of the actual spacecraft instru~
ments, All active controls will be typical of those controls in

the actual spacecraft with respect to relative position, appear-
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ance, and force required for their operation. Provisions will be
incorporated in the trainer for injection of melfunctions and trans-
ient disturbances characteristic of equipment responses under similar
conditions in the actual spacecraft., A closed circuit television
gystem will be installed to allow instructor observation of crew
member activity during the training period,

Jele542 Performance Capability
The Midcourse Correction Trainer will simulate the performance of
the actual spacecraft during the midcourse phases of a lunar mission
by means of instrument and computer responses. The attitude and
spatial position of the spacecraft will be continuously computed
as a function of the control functions of the spacecraft and the
time~velocity-direction factor of spacecraft spatial translation.
The visual presentation of the earth-moon-sun situation and stellar
display will be controlled by the attitude and spatial position
computers in such a way that the presentation will provide a real=
istic visual relationship of sufficient accuracy to permit position
and velocity computations from the observed relationship. Simila-
tion of DSIF data will be provided to permit comparison of data
with observed data by the trainees, The Midcourse Correction
Trainer will reflect and realistically duplicate spacecraft systems
performance by utilization of actual systems and components, modi-
fied as required for training purposes, or by simulation techniques

vhere degradation of the system performance is not compromised,
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The spacecraft systems represented in the trainer will include,
but are not limited to, the following major systems (only those
sections of systems used during parking orbits and earth-moon
trajectories need be operationsl):

Navigation and Guidance

Stabilization and Control

Propulsion

Reaction Control

Electrical Power

Communications

Instrumentation
Simulation of the Ground Operational Support System (C-OSS), Deep
Space Instrumentation Facility (DSIE‘), commumnication and data link
networks will be accomplished by equipment incorporated in the
instructor - operator station(s) for simulation of the Mission
Control Center and remote tracking and monitoring sites. The
trainer will be capable of providing inflight maintenance training
in detection, isolation, and replacement (or alternate mode selec-
tion) of malfunctioned items,
General Equipment Reauirements
Complete and effective simulation of the midcourse situation
programmed for the Apollo spacecraft will require that the Mid-
course Correction Trainer have the following minimum msjor

assemblies,
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301 050301 Simulated Command Modulg
The simulated command module will be an authentic reproduction of

the interior of the actual command module with respect to those
systems and work stations involved in the midcourse correction
procedures, Instrument panels not utilized in the systems involved
need not be operational, but will be realistically represented.,
External configuration of the trainer will duplicate the external
configuration of the actual command module only to the extent
necessary to provide realistic training procedures., All operational
controls and displays will be physically and operationally represen-
tative of the controls and displays in the actual command module.
Sounds and vibrations which are conspicuous in the actual cormand
' module during the midcourse phase will be simulated with respect
to frequency and amplitudes,
01654342 Instructor-Operator Station(s
An integrated arrangement of consoles will be provided for the
instructor~operator station(s). The consoles will consist of
sufficient controls, displays and repeater indicators to effectively
monitor the overall training program. Repeater indicators will be
identical to those in the simulated command module, Provisions
will be made for introducing mslfunctions and errors. Realistic
indications of malfunctions and emergency situations will be presen=-
ted. Recording and scoring equipment capable of operating at
scales and ranges compatible with spacecraft capabilities will be

provided, Included will be intercommumnication facilities and
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361650363 Visugl Simula tion Equipmen

to the crew members applicable to parking orbits and earth-moon
trajectories, The programmed midcourse phase of a lunar mission
will originate from a real time (with accelerated time capability),
solution of the midcourse situation problem, The equipment will
be analog or high resolution digital servo-mechanisms driven by
the digital computer system. The equipment will provide a celes—
tial display and earth-moon-sun situation display of sufficient
accuracy and realism of presentation to permit the use of the
astral-sextant for navigational position observations. The
visual display system will provide coordinated viewing from the
‘ windows, the periscope and the astral-sextant in such a manner
that a realistic representation is obtained regardless of the
angular displacements of the direction of viewing. The presen—
tation of the earth and moon will be of sufficient resolution
that realistic observation of surface detail corresponding to
viewing from a minimum distance of 100 nautical miles may be
obtained, Color rendition of earth and moon presentation will be
based on best obtainable data, Provisions will be made for real-
istically presenting movement into and out of the fields of view
and at the same time simulating the occlusion of the celestial
display in the proper relationship to the simulated viewing
direction. Provisions will be included for presenting the earth-

moon displays in the proper size relationship corresponding to
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the computed spatial position of the spacecreft. Provisions will
be included for simlation of sunlight ingress through the viewing
windows and instruments in such a way thet light shafting occurs.
Transmission of visual information from the visual display simu-
lation equipment to the crew member observation facilities will
be by light optical techniques or approved equivalent, Transition
from one scale of resentation to a different scale of presenta—
tion will be smooth and with a minimum of crew member detection.

3.1.5.3.4  Computers and Peripheral Fquipment

Analog and digital computers including analog-to-digital and
digital-to-analog conversion equipment will be provided. The
digital computing equipment will accept program control routine

. and sub-routine functions and will serve as the master control of
the computer complex. Peripheral computing equipment will consist
primarily of signal conditioning and analog equipment. Analog
equipment (or high resolution digital servo equipment) will simu-
late spacecraft flight parameters and provide the control signals
for the visual simulation displays. Flight parameters will include
spacecraft configurations related to weight, moments of inertia,
acceleration, velocities and spacecraft attitude with respect to
the midcourse situation frame of reference. Step function and
lagical controls will utilize digital computer circuitry for func-
tional responses, Utilization of redundant equipments may be
recuired to maintain system accuracies and performance for the

time periods representative of the Apollo midcourse phase,
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’ The computers will perform real time (or accelerated time when
selected) solution of all equations necessary to represent the
dynamic behavior of the applicable spacecreft system., Accelerated
time will be used only during training problem sequences not invol-
ving sightings or control manipulation by the crew member trainees,
Output data from the computers will actuate the displays and
associated equipments, Computer flexibility will be sufficient
to absarb changes in simulstion (required by spacecraft system
modification), and incorporation of adequate ranges without phys-
ical modification of computing components,
30165435 Air Conditioning Equipment
The trainer design will provide for adequate positioning and
. spacing of components whose operation involves the relesse of heat
at appreciable rates in order to prevent excessive temperatures
in their immediate environment., Normel convection will affect the
dissipation of heat generated by electronic components, Forced
ventilation will be installed where rates of heat dissipation are
too high to warrant reliance upon normal convection for cooling.
The air conditioning equipment will also provide ambient temper-
ature control for the training areas including the simulated
command module and the instructor-operator.:station(s).
3e1e5.3.6 Power Equipment
Power generation, distribution and control equipment will be

provided as part of the trainer as required,
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Apollo Mission Simulator (T14-860001)

Description
The Apollo Mission Simuletor will provide integrated crew

training for the pilot commander, co-pilot navigator and
systems engineer in all phases of the total mission com-
plex including earth and lunar pre-~launch, launch, orbit
and landing phases, and trans-lunar, trans-earth midcourse
trajectories. The simulestor will be capable of real time
sequencing of the complete simulated mission and will
reflect the high reliability requirements specified for the
Apollo spacecraft, Complete visual simulation of the
entire mission profile will be provided., The required
interface equipment will be provided for inter—connection
between the mission simulator and the actual Mission
Control Center and remote monitoring sites for complete
mission integrated training. A closed circuit television
system will be installed to allow instructor observetion
of crew member :ctivity during the training period.

Performance Capabilities

The Mission Simulator will reflect and realistically
duplicate spacecraft systems performance by utilization of
actual systems and components, modified as required for
training, or by simulation techniques where systems per-
formance is not degraded, Spacecraft systems performance
characteristics applicable for the design of the Mission
Simulator are defined below,
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The command module will include all or part of the follow=-
|
ing major systems: i
Navigation and Guidance
Stabilization and Control |
Reaction Control
Launch Escape
Earth Landing
Crew
Environmental Control
Electrical Power

Communications and Instrumentation

3.2.2.1.1 Nevigation and Guidance System

The major functions of the navigation and guidance system
are:
Primary Inertial Reference
Acceleration, Velocity and Position determination
Navigation and Guidance Computation and Prediction
Abort-Alert Compilation
Computation for other Spacecraft Systems
The primary attitude reference may be established before
lift-off or it may be activated and re-established by
electronic and/or optical sighting means during the flight
phases, The acceleration, velocity and position function
includes the generation and display of spececraft acceler-

ation, velocity and position data so that these data may
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be used to manually or automatically control velocity changes
required to meet navigational and steering requirements of
the Apollo missions, The generation and monitoring of veloc-
ity and position data will be backed up and monitored by
ground based operstions.
The navigation computation and prediction function includes
the compilation and monitoring of the moving position of the
spacecraft with respect to a number of coordinate axes
including those of the earth and moon. The system will also
be capable of predicting and displeying future steering and
velocity changes required to accomplish the next segment of
a particuler trajectory. The point-to-point spacecraft

‘ compilation and guidance function may be achieved by a series
of attitude, acceler:tion, velocity and prese::t position
determinations, by the prediction and display of velocity
corrections that are required to navigate to the next tra-
jectory point and then by the generation of the proper thrust
and attitude control commnands, The abort-alert compilation
and display function will include the prediction and the
continuous display of data required to accomplish a sudden
abort procedure during a critical mission phase,

3.2.2.1.2 Stabilization and Control System

The major functions of the stabilizatior and control system

are:
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Secondary Inertial Reference

Attitude Rate

Thrust Vector Control

Manual Control
The secondary inertial reference function provides a short
term inertial reference for use in spacecraft control and
stabilization, This system functions as a backup mode for
the primary inertial reference function of the navigation
and guidance system, The syster also furnishes an attitude
rate function for damping of spacecraft motion., Attitude
and attitude rate displays are provided for the flight crew.
During injection, midcourse correction and moon/earth landing
phases, a thrust vector control function provides for posi-
tioning the spacecraft by generating propulsion system com=—
mends, A thrust vector display function provides position,
thrust-vector and acceleration information to the flignt crew,
The system also provides a manual control function of the
spacecraft during sudden abort conditions and during earth
atmospheric entry,
Reaction Control System
The mejor functions of the reaction control system are:

Three-axis attitude control function prior to entering

the atmosphere,

Roll control function during entry into the atuosphere

and earth landing phase,
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High altitude atmospheric abort function during the

launch phase,
The reaction control system provides the impulse for roll,
pitch and yaw after the commend module is separated from the
service module and before the command module is subjected to
the aerodynamic moments of re-entry. This function will
rotate the command module to the proper angle of attack for
atmospheric entry and then stabilize the angle of attack
during the initial buildup of aerodynamic moment,
The atmosphere entry function will include the impulse for
an attitude control and attitude stabilization function in
roll and also an attitude rate damping function in pitch and
yaw, A fixed serodynamic angle of attack will be obtained
by offsetting the center of gravity of the command module,
The path of the commend module will be controlled aero-
dynamically by rolling the module lift-force vector about
the module velocity vector, The pitch and yaw rate damping
function will be used to dampen the oscillations that result
from the aerodynamic moment, The atmospheric abort function
will include the impulse for roll control for the lift orien-
tetion of the launch escape system and a pitch and yaw control
function that will resist or minimize command module tumbling
during high altitude abort conditions, The reaction control
system functions will be controlled by manual electric and

automatic electric input signals.
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2.2.2.1.4 Launch &scape System

The normal function of the launch escape system will be to

provide an abort capability throughout countdown, first-
stage boost, and for the first few seconds of second stage
firing., After successful ignition of the second-stage
booster, the launch escape tower will be separated and
laterally translated from the command module end launch
vehicle. In the event of an abort operation, the system
will provide the impulse to lift the command module from the
launch vehicle and laterally translate it to a safe distance,
Thrust from the system will result in sufficient altitude

to allow safe deployment of the earth .anding system. At

a given altitude the system will be released from the com-
mand module and propelled away prior to the initiation of
earth landing operations., Operation of the system will be
dictated by crew response and/or by the integrzted abort
system of the launch vehicle,

3.2.2.1.5 Earth Landing System (Parachute)

The earth landing parachute system will provide spacecraft
stabilization and reduce vertical landing velocity from any
mission or abort operation., The system will stabilize the
command module during the post-entry phase., Stabilization
will be accomplished by a drogue parachute during early
descent and by landing parachute during the remainder of

the descent, The system will provide location and survival
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3e1e4.3.1

Electrical Power

Communications

Instrumentation
Similation of the Ground Operational Support System (coss), Deep
Space Instrumentation Facility (DSIF), communications and data link
networks will be accomplished by the equipment incorporated in the
instructor - operator station(s), for similation of the Mission
Control Center and remote tracking and monitoring sites. The
trainer will be capable of providing inflight maintenance training
in detection, isolation, and replacement (or alternate mode selec—
tion) of malfunctional items,
General Ecuipment Requirements
Complete and effective simulation of the total mission complex
prograrmed for the Apollo spacecraft will require that the Earth
Orbital Trainer have the following minimum msjor assemblies,
Simulated Command Module
The simulated command module will be an authentic replica of the
internal arrangement of the actual command module with respect to
size, shape, and equipment location. External configuration will
Entrance

be duplicated only to the extent required for training.

to the simulated command module will be similar to the actual module,
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All controls and displays will be physically and operationally
representative of the controls and displays in the actual module.
Sounds and vibrations which are conspicuous in the actual module will
be similated with respect to frequency and amplitude.

Instructor - Operator S;ationfsz

An integrated arrangement of consoles will be provided for the
instructor - operator station(s). The consoles will consist of
sufficient controls, displays, and repeater indicators to effect-
ively monitor the overall training program. Repeater indicators
will be identical to those in the simulated command module, Pro-
visions will be made for introducing malfunctions and failures,
Realistic indications of malfunctions and emergency situations will
be presented, Recording and scoring equipment capable of operating
at scales and ranges compatible with spacecraft capabilities will
be provided. Included will be intercommunication facilities and
adequate work areas,

Visual Simulation Equipment

Visual simulation equipment will provide all visual presentation
to the crew members during launch and earth orbital simulated
missions. The programmed control of the visual simulation equip-
ment will originate from a real time solution of the spacecraft
flight problems, The visual simulation equipment will be analog or
high resolution digital servo-mechanisms driven by the digital

computer system. The equipment will provide high resolution terrain

“SONNDENN
-32 i

S1D 62-358



N,
\

e

AN

NORTH AMERI|ICAN AVIATION, INC. (‘/@7 ) SPACE and INFORMATION SYSTEMS DIVISION

ST -

N4

simulation for the launch phase and a scaled model(s) of the earth
for the orbital phase, Provisions will be included for illumination
control of the earth model to present a realistic transition from
day to night light conditions during the simulated orbit. The earth
model simulation will permit variation in the apparent size and
detail resolution corresponding to the simulated altitude of the
spacecraft. Provisions will be included for lateral translation of
the earth model simulation will permit variation in the apparent

s8ize and detail resolution corresponding to the simulated altitude

~ of the spacecraft, Provisions will be included for lateral trans-

lation of the earth model in order that horizon viewing may be
similated, The visual simulation equipment will include a celestial
display for star sighting and ravigation corrections during the
orbital phase. Simulation of sun light ingress (solar shafting)
will be incorporated as part of the visual simulation equipment and
will be controlled as a function of simulated spacecraft attitude
and earth—orbit position with respect to day or night visual simu-~
lation. Color rendition of the earth-terrain simulation will be
realistic and based on best obtainable data of color absorption/
reflection effects of the atmosphere from launch to orbit altitudes,
The visual display system will provide coordinated viewing from the
windows and periscope in a manner that will permit realistic repre-
gentation simultaneously from all viewing arertures. Transmission
of visual information from the visual simulation equipment to the
crew member observation facilities will be by light-optical tech-

niques or approved equivalent, Transition from one visual display

-5 -
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‘ complex (for example from launch to orbit display), will be obtained
with a minimum of crew member detection of the transition., Smooth
transitions from-one display generation technique to another tech=
nique will be accomplished automtically as a function of altitude
and/or attitude position of the spacecraft.

Se1e4e3.4 Computers and Peripheral Equipment
Analog and digital computers including analog-to-digital and dig-
ital-to-enalog conversion equipment will be provided. The digital
computing equipment will accept program control routine and sub-
routine functions and will serve as the heart of the computer
complex. Peripheral computing equipment will consist primarily
of analog equipment. Analog equipment (or high resolution digital

. servo-equipment) will simulate the spacecraft flight parameters,
This will include spacecraft configuration as related to weight,
moments of inertia, acceleration and velocities. Step function
and logical controls will utilize digital computer circuitry for
functional responses, Utilization of redundant equipments may be
required to maintain system accuracies and performance for the
time periods representative of the Apollo earth orbital missions.
The computers will perform real time solutions of all equations
necessary to represent the dynamic behavior of the applicable
spacecraft systems. Output data from the computers will actuzte
the displays and associated equipments. Computer flexibility will
be sufficient to absorb changes in simulation (required by space-

craft system modification), and incorporating of adequate ranges

o NN
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without physical modification of computing components,

Air Conditionin uipment

The trainer design will provide for adequate positioning and
spacing of components whose operation involves the release of
heat at appreciable rates so as to prevent excessive temperatures
in their immediate environment. Normal convection will affect the
dissipation of heat generated by electronic components. Forced
ventilation will be installed where rates of heat dissipation

are too high to warrant reliance upon normal convection for cooling,.
The air conditioning equipment will also provide ambient temper-
ature control of the training areas,

Power Equipment

Power generation, distribution and control equipment will be

provided as required,
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Midcourse Correction Trainer (T 0005

Description

The Midcourse Correction Trainer will provide integrated crew
training in all phases of the midcourse situation including, but
not limited to, injection into trans-lunar/trans-earth trajectory
from perking orbit, ejection from trans-lunar/trans-earth trej-
ectory into parking orbit, and midcourse velocity and trajectory
error computation and correction.

The trainer will include visual simulation of the earth-moon-sun
situation and an astral display. The visual simulation will be
provided in such a way that direct viewing, periscope.viewing

and astro-sextant sightings may be accomplished with sufficient
accuracy to permit their utilization in navigation and velocity
measurements, The trainer will include capability for continuous
computation of simulated spacecraft position., The trainer will
provide a realistic representction of all equipment in the command
module which is used either in normal operation or in emergency
conditions during the midcourse phase of lunmar mission (guidance,
navigation, control and commmications systems only). The trainer
will be capable of real time and accelerated time sequencing of
the midcourse phase of lunar missions and will reflect the high
reliability requirements specified for the Apollo spacecraft.

All instruments displayed will be computer driven with dynamic
responses and accuracies typical of the actual spacecraft instru-
ments, All active controls will be typical of those controls in

the actual spacecraft with respect to relative position, appear-
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ance, and force required for their operation. Provisions will be
incorporated in the trainer for injection of melfunctions and trens-
ient disturbances characteristic of equipment responses under similar
conditions in the actual spacecraft, A closed circuit television
system will be installed to allow instructor observation of crew
rember activity during the training period.

Performance Capability

The Midcourse Correction Trainer will simulate the performance of
the actual spacecraft during the midcourse phases of a lunar mission
by means of instrument and computer responses. The attitude and
spatial position of the spacecraft will be continuously computed

as a function of the control functions of the spacecraft and the
time~velocity-direction factor of spacecraft spatial translation,
The visusl presentation of the earth-moon-sun situation and stellar
display will be controlled by the attitude and spatial position
computers in such a way that the presentation will provide a real-
istic visual relationship of sufficient accuracy to permit position
and velocity computations from the observed relationship. Similae-
tion of DSIF data will be provided to permit comparison of data
with observed data by the trainees, The Midcourse Correction
Trainer will reflect and realistically duplicate spacecraft systems
performance by utilization of actual systems and components, modie
fied as required for training purposes, or by simulation techniques

vhere degradation of the system performance is not compromised,
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The spacecraft systems represented in the trainer will include,
but are not limited to, the following major systems (only those
sections of systems used during parking orbits and earth-moon
trajectories need be operationsl):

Navigation and Guidance

Stabilization and Control

Propulsion

Reaction Control

Electrical Power

Commmications

Instrumentation
Similation of the Ground Operational Support System (GOSS), Deep
Space Instrumentation Facility (DSIF), commmication and data link
networks will be accomplished by equipment incorporated in the
instructor - operator station(s) for simulation of the Mission
Control Center and remote tracking and monitoring sites. The
trainer will be capable of providing inflight maintenance training
in detection, isolation, and replacement (or alternate mode selec-
tion) of melfunctioned items.
General Equipment Requirements
Complete and effective simulation of the midcourse situation
programmed for the Apollo spacecraft will require that the Mid-
course Correction Trainer have the following minimum major

assemblies,

30~ ~S———
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3el1e5e301 Simulated Command Module

The simulated command module will be an authentic reproduction of

the interior of the actual command module with respect to those
systems and work stations involved in the midcourse correction
procedures. Instrument panels not utilized in the systems involved
need not be operational, but will be realistically represented.
External configuration of the trainer will duplicate the external
configuration of the actual command module only to the extent
necessary to provide realistic training procedures. All operational
controls and displays will be physically and operationally represen=
tative of the controls and displays in the actual command module,
Sounds and vibrations which are conspicuous in the actual command
. module during the midcourse phase will be simulated with respect
to frequency and amplitudes.
3e1e56342 Instructo rator Station(s
An integrated arrangement of consoles will be provideé for the
instructor-operator station(s). The consoles will consist of
sufficient controls, displays and repeater indicators to effectively
nmonitor the overall training program. Repeater indicators will be
identical to those in the simulated command module, Provisions
will be made for introducing malfunctions and errors. Realistic
indications of malfunctions and emergency situations will be presen-
teds Recording and scoring equipment capable of operating at
scales and ranges compatible with spacecraft capabilities will be
provided, Included will be intercommmication facilities and

adequate work areas,
—40- “SONHEDENHE
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01654343 Visual Simulation Equipmen
Visuel simulation equipment will provide all visual presentations
to the crew members applicable to parking orbits and earth-moon
trajectories, The programmed midcourse phase of a lunar mission
will originate from a real time (with accelerated time capability),
solution of the midcourse situation problem. The equipment will
be analog or high resolution digital servo-mechanisms driven by
the digital computer system. The equipment will provide a celes-
tial display and earth-moon-sun situation display of sufficient
accuracy and realism of presentation to permit the use of the
astral-sextznt for navigational position observations. The
visual display system will provide coordinated viewing from the
. windows, the periscope and the astral-sextant in such a manner
that a realistic representation is obtained regardless of the
angular displacements of the direction of viewing. The presen-
tation of the earth and moon will be of sufficient resolution
that realistic observation of surface detail corresponding to
viewing from a minimum distance of 100 nautical miles may be
obtained, Color rendition of earth and moon presentation will be
based on best obtainable data., Provisions will be made for real-
istically presenting movement into and out of the fields of view
and at the same time simulating the occlusion of the celestial
display in the proper relationship to the simulated viewing
direction, Provisions will be included for presenting the earth-

moon displays in the proper size relationship corresponding to
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the computed spatial position of the spacecraeft. Provisions will
be included for simulation of sunlight ingress through thevviewing
windows and instruments in such a way thet light shafting occurs.
Transmission of visual information from the visual display simu-
lation equipment to the crew member observation facilities will

be by light optical techniques or approved equivalent, Transition
from one scale of presentation to a different scale of presenta-
tion will be smooth and with a minimum of crew member detection. |
Computers and Peripheral Equipment

Analog and digital computers including analog-to=-digital and
digital-to-analog conversion equipment will be provided. The
digital computing ecuipment will accept program control routine
and sub-routine functions and will serve as the mster control of

the computer complex., Peripheral computing equipment will consist

primarily of signal conditioning and analog equipment. Analog
equipment (or high resolution digital servo equipment) will simu=
late spacecraft flight parameters and provide the control signals
for the visual sirulation displays. Flight parameters xill include
spacecraft configurations related to weight, moments of inertia,
acceleration, velocities and spacecraft attitude with respect to
the midcourse situation frame of reference., Step function and
lagical controls will utilize digital computer circuitry for func-
tional responses, Utilization of redundant equipments may be
recuired to meintain system accuracies and performance for the

time periods representative of the Apollo midcourse phase.
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The computers will perform real time (or accelerated time when
selected) solution of all equations necessary to represent the
dynamic behavior of the applicable spacecreft system., Accelerated
time will be used only during training problem sequences not invol=
ving sightings or control manipulation by the crew member trainees,
Output data from the computers will actuate the displays and
associated equipments. Computer flexibility will be sufficient

to absorb changes in similstion (required by spacecraft system
modification), and incorporation of adequate ranges without phys-
ical modification of computing components,

Air Conditioning Equipment

The trainer design will provide for adequate positioning and
spacing of components whose operation involves the relesse of heat
at appreéiable rates in order to prevent excessive temperatures

in their immediate environment. Normal convection will affect the
dissipation of heat generated by electronic components, Forced
ventilation will be installed where rates of heat dissipation are
too high to warrant reliance upon normal convection for cooling.
The air conditioning equipment will also provide ambient temper-
ature control for the training areas including the simulated
command module and the instructor-operator.:station{s),

Power Equipment

Power generation, distribution and control equipment will be

provided as part of the trainer as required,
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3.2

3.2.1

3.2.2

Apollo Mission Simulator §T14-860001)

Description
The Apollo Mission Simulator will provide integrated crew

training for the pilot commander, co-pilot navigator and
systems engineer in all phases of the total mission com-
plex including earth and lunar pre-launch, launch, orbit
and landing phases, and trans-lunar, trans-earth midcourse
trajectories, The simulator will be capable of real time
sequencing of the complete simulated mission and will
reflect the high reliability requirements specified for the
Apollo spacecraft, Complete visual simulation of the
entire mission profile will be provided. The required
interface equipment will be provided for inter-connection
between the mission simulator and the actual Mission
Control Center and remote monitoring sites for complete
mission integrated training. A closed circuit television
system will be instslled to allow instructor observation
of crew member :ctivity during the training period.
Performance Capabilities

The Mission Simulator will reflect and realistically
duplicate spacecraft systems performance by utilization of
actual systems and components, modified as required for
training, or by simulation techniques where systems per-
formance is not degraded., Spacecraft systems performance
characteristics applicable for the design of the Mission

Simulator are defined below,
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. 320241 Command Module Systems

The command module will include all or part of the follow-
ing major systems:

Navigation and Guidance

Stabilization and Control

Reaction Control

Launch BEscape

Barth Landing

Crew

Environmental Control

Electrical Power

Communications and Instrumentation

‘ 3.2.2.1.; Nevigation and Guidance System

The major functions of the navigation and guidance system
are:

Primary Inertial Reference

Acceleration, Velocity and Position determination

Navigation and Guidance Computation and Prediction

Abort-Alert Compilation

Computation for other Spacecraft Systems
The primary attitude reference may be established before
1lift-off or it may be activated and re-established by
electronic and/or optical sighting means during the flight
phases, The acceleration, velocity and position function
includes the generation and display of spacecraft acceler—

._ ation, velocity and position data so that these data may
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be used to manually or automatically control velocity changes
required to meet navigational and steering requirements of
the Apollo missions, The generation and monitoring of veloc-
ity and position data will be backed up and monitored by
ground based operaztions,

The navigation computation and prediction function includes
the compilation and monitoring of the moving position of the
spacecraft with respect to a number of coordinate axes
including those of the earth and moon, The system will also
be capable of predicting and displeying future steering and
velocity changes required to accomplish the next segment of

a particular trajectory. The point-to-point spacecraft
compilation and guidance function may be echieved by a series
of attitude, acceler:-tion, velocity and prese:t position
determinations, by the prediction and display of velocity
corrections that are required to navigate to the next tra-
jectory point and then by the generation of the proper thrust
and attitude control commands., The abort~alert compilation
and display function will include the prediction and the
continuous displey of data required to accomplish a sudden
abort procedure during a critical mission phase,

Stabilization and Control System

The major functions of the stabilization and control system

are:

- SoNERRINT
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Attitude Rate

Thrust Vector Control

Manual Control
The secondary inertial reference function provides a short
term inertial reference for use in spacecraft control and
stabilization, This system functions as a backup mode for
the primary inertial reference function of the navigation
and guidance system, The syster also furnishes an attitude
rate function for damping of spacecraft motion, Attitude
and attitude rate displays are provided for the flight crew.
During injection, midcourse correction and moon/earth landing
phases, a thrust vector control function provides for posi-

. tioning the spacecraft by generating propulsion system com-

mends, A thrust vector display function provides position,
thrust-vector and accelerztion information to the flignt crew,
The system also provides a manusl control function of the

spacecraft during sudden abort conditions and during earth

atmospheric entry.
3.2.2,1.3 Reaction Control System
The major functions of the reaction control system are:
Three-axis attitude control function prior to entering
the atmosphere,
Roll control function during entry into the atmosphere

and earth landing phase,
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. High altitude atmospheric abort function during the
launch phase,

The reaction control system provides the impulse for roll,
pitch and yaw after the command module is separated from the
service module and before the command module is subjected to
the aerodynamic moments of re-entry. This function will
rotate the command module to the proper angle of attack for
atmospheric entry and then stabilize the angle of attack
during the initial buildup of aerodynamic moment.,
The atmosphere entry function will include the impulse for
an attitude control and attitude stabilization function in
roll and also an attitude rate damping function in pitch and

‘ yaw, A fixed serodynamic angle of attack will be obtained
by offsetting the center of gravity of the command module,
The path of the commend module will be controlled aero-
dynamically by rolling the module lift-force vector about
the module velocity vector., The pitch and yaw rate damping
function will be used to dampen the oscillations that result
from the aerodynamic moment. The atmospheric abort function
will include the impulse for roll control for the lift orien-
tetion of the launch escape system and a pitch and yaw control
function that will resist or minimize command module tumbling
during high altitude abort conditions, The reaction control
system functions will be controlled by manual electric and

automatic electric input signals,
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Launch nscape System

The normal function of the launch escape system will be to
provide an abort capability throughout countdown, first-
stage boost, and for the first few seconds of second stage
firing., After successful ignition of the second-stage
booster, the launch escape tower will be separated and
laterally translated from the command module and launch
vehicle. In the event of an abort operation, the system
will provide the impulse to lift the command module from the
launch vehicle and laterzlly translate it to a safe distance,
Thrust from the system will result in sufficient altitude
to allow safe deployment of the earth .anding system. At

. a given altitude the system will be released from the com-
mand module and propelled away prior to the initiation of
earth landing operations, Operation of the system will be
dictated by crew response and/or by the integrzted abort
system of the launeh vehicle,

342.2.1.5 Esrth Landing System (Parachute)

The earth landing parachute system will provide spacecraft
stabilization and reduce vertical landing velocity from any
mission or abort operation., The system will stabilize the
command module during the post-entry phase, Stabilization
will be accomplished by a drogue paraschute during early
descent and by landing parachute during the remainder of

the descent, The system will provide location and survival
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aids necessary for safe and prompt recovery of the space-
craft and crew,

3.2.2.1.6 Earth landing System (Parawing)
As an alternate to the parachute system the earth landing
parawing system will provide spacecraft stabilization,
attenuate landing impact, provide recovery aids, and provide
a maneuvering capability allowing a choice of landing con-~
dition for normal earth landings. The system will stabilize
the command module during post-entry descent, This will be
accomplished by a drogue parachute during early descent and
by the parawing during the remainder of the descent, The
system will provide location and survival aids necessary for

. safe and prompt recovery of the spacecraft and crew,

3.2.2.1.7 Crew System
The crew system will control the overall mission operational
phases and support the needs which sre peculiar to the
presence of human beings aboard the spascecraft, Crew members
will heve prime and override control of the spacecraft. In
the event of equipment malfunction, the crew may repair or
replace the equipment, if possible, In an emergency situa-
tion, all logical decisions will be made by the crew with
the aid of ground stations, The system will attend to the
personal hygiene and metabolic needs of the crew members
including shaving, bodily cleansing, dental cleansing,

deordorizing, eating, drinking, sleeping, elimination of
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human waste and cleensing of garments. The system will also
provide recreation as an aid in maintaining crew morale.

3.2.2.1.8 Environmental Control System
The environmental control system will control the environ-
ment in which the flight crew must operate and provide
cooling for items of electronic equipment as required,
System operation may be automatic with provisions for manual
control by the flight crew in the event of an emergercy.
Regenerative conditioning of the command module atmosphere
will include the removal of debris, carbon dioxide and treace
contaminants from the air, addition of sufficient oxygen
for metabolic needs, addition of sufficient nitrogen for

. edequate pressure control, and provisions for temperature

and relative humidity control. The system will also provide
for a water management program including flight crew potable
water and a supply of water for sanitstion needs.,

3.2.2.1.9 Electrical Power System
The major functional divisions of the electrical power
system will be power regulation and control, power conver-
sion, electrical energy storage, power distribution and
electrical system test. The system will utilize redundant
techniques to convert, regulate, control and distribute the
required amounts of DC and AC power to the proper spacecraft
systems at the proper time, The major system functions will

be automatically regulated with provisions for manual
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selection and control of individual functions and system test
functions by the flight crew,

Communications and Instrumentation Systems

The system will provide the following capabilities:
Convert to electrical signals those physical parameters
which must be displayed, recorded or transmitted,
Record on photographic film events occuring within the
module as well as on the surface of the moon,
Provide an optical means for observing events external
to the spacecraft with magnification as required to give
adequate detail,
Convert to electrical signals optical data through the
use of a TV camera,
Condition electrical signals to a common level to allow
convenient recording and transmission through the tele-
metry system,
Provide a time reference for all time-dependgnt space-
craft operations.
Assemble and multiplex in suitable form, for trans-
mission data required on the ground during spacecraft
flights,
Store for future readout that data which cannot be
transmitted to the ground in real time,
Provide for voice communication between astronauts and

provide for the transfer of audio signals to receivers
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and trenswitters.

Demodulzte received R-I signals.,

Transmit voice, telemetry and TV signals to ground
operational support stations,

Radiate and accumlate electro-magnetic energy.
Receive and respond to interrogeting radar signals.,
Aid in the location of the spacecraft following re-entry.
Display to the astronaut those functions necessary for
control of the communications and instrumentation sys-
tem,

Display to the astronaut the output of the TV cameras,
Maintain a constant surveillance of onboard spacecraft
systens to keep the astronauts advised of their oper-
ability,

Service Module Systems

The service module will include all or part of the following
major spacecraft systems:

Service rropulsion

Reaction Control

Environmentel Control

Electrical Power

Communications and instrumentation

Service Propulsion System

The service propulsion system will provide velocity incre-

ments, when required, for designated phases of each mission,
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Functional arees include insertion and injection from orbits,
orbital maneuvers, midcourse corrections, retro-grade for
entry, lunar launch and post-atmospheric abort modes.

Ignition of the system motors will be automatic or manual.

The crew will prepere the system for ignition, however, actual
firing will normally be controlled by automatic signals from
the guidance and control system. The crew will be able to
control engine operation manually in the event of guidance
and control system malfunction.

Reaction Control System

The major functional divisions of the service module reaction
control system are attitude stabilization and control function
and a minor velocity increment function. The attitude
stabilization and control function will include an attitude
control and attitude stabilization function in roll, pitch
and yaw of the spacecraft in the earth parking orbit (and
also trans-lunar and trans-earth phases except when the
service propulsion system or the lunar landing propulsion
system is active), The minor velocity increment function
will provide minor translationel velocity increments to the
spacecraft on all flight phases, This function will accom-
plish minor midcourse corrections, terminal rendezvous and
docking, and required accelerations for the service and

lunar landing propulsion systems,
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3e2.2.2.3 Environmental Control System

The major portion of the excess spacecraft internal heat load
will be dissipated by the environmental control system, The
systen will provide for the storage and regulation of oxygen
and nitrogen which may be used by the command module environ-—
mental control system in mission phases prior to separation
of the service module, The system will also provide a water
supply.

3.2.2.2.4 mlectrical Power System

The major functional areas of the electrical power system are
the generation and distribution of electrical power and the
storage, distribution, regulation and control of the react-

. ants utilized by the electricel power supply and the environe
mental control system,

302424245 Communications and Instrumentation Systems

Equipment to perform the following functions will be included
within the service module:
Receive and transmit in phase coherence a signal
competible with the DSIF,
Receive and demodulate voice transmissions from the
DSIF,
Receive and transmit ranging code in response to ground
originating signals,
Transnit voice, telemetry and TV to the DSIF,

Provide for the direction of received and transmitted

-56- o=y

SID 62-358



e

NORTH AMERICAN AVIATION, INC. <@ SPACE and INFORMATION SYSTEMS DIVISION

electro-magentic energy,

3.e2.2.3 Ground Cperstionsal Support System

Simulation of the Ground Operational Support System (GOSS),
Deep Space Instrumentation Facility (DSIF), communication
and data link networks will be accomplished by functional
tie-in between the Mission Simulator, Mission Control Center
and remote monitoring sites through the interface equipment,
The simulator will be capable of providing inflight main-
tenance training in detection, isolation and replacement
(or alternate mode sdbction) of malfunctioned items,
3.2.3 General Equipument Requirements

To provide complete and effective simulation of the total

. mission complex programmed for the Apollo spacecraft, the
Mission Simulator will require the following minimum major
assemblies,

3.2.3.1 Simulated Command Module

The simulsted command module will be an authentic replica
of the internal command module with respect to size, shape
and equipment location., Some deviation from exact arrange-
ment will be required to compensate for the one g£ environ-
ment of the simulator, however, these deviations will be
kept to a minimum consistant with a realistic approach to
the problem of crew member orientation and comfort for the

prolonged periods of a mission simulation, The external
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configuration will be duplicated only to the extent required

by the training problem, Ingress and egress to the simulated

command module will approximate the arrangement of the actual

<

spacecraft module, All controls and displays in the simu-
lated command module will be representative of the controls
and displays in the actusl module. Operation of all simulated
controls will result in a realistic reaction in the corres-
ponding displays. Actual systems modified as reguired for
training purposes, will be used where maximum effectiveness

of the trasining will result, Simulated systems may be used
where no degradation of the training effectiveness may

result. Sounds and vibrations which ere conspicuous in the
actual module will be simulated with respect to fregquencies

and amplitudes,

3026342 Instructor - Operator Station (s}

An integrated arrangement of instructor-operator station(s)
will be provided as part of the Apollo Mission Simuletor
complex, A master instructor-operator station will contain
the capability for overall mission training problem control
and monitor, Instructor-operator stations will be provided
which are equivalent in function to each of the major control
and monitor consoles of the Mission Control Center. Each
console will have repeater indicators identical to the
indicators in the simuleted command module., The indicators

in each station console will be those indicators applicable
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to the control and monitor requirements of that station, Situations
in which more than one station is involved in control and monitor
of a particular simulated command module system will require that
repeater indicators be provided in each s tation so involved,
Provisions will be incorporated for insertion of malfunctions into
the similated command module systems., Malfunction insertion capa-
bility for any system will be restricted to the instructor -
operator station(s) primarily concerned with the control and/or
monitor of that system and in the mester instructor - operator
station. The malfunctions, including performance degradation,
errors, and failures, shall present a realistic indication of
the malfunction and/or emergency situation to the trainees in the
. simulated command module, Recording and scoring equipment capable
of operating at scales and ranges compatible with spacecraft capab=
ilities will be provided, The consoles will contain all controls,
displays and indicators necessary to effectively monitor the
overall mission training program., Intercommwication facilities
and adequate wark areas will be included as part of the Apollo

Mission Simulator instructor - operator station(s) complex.
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3e2e3e3 Visual Simulation Equipment

Visual simulation equipment will provide reelistic visual
displays to the crew members representing earth and lunar
launch, orbit and landings and trans-earth/trans-lunar
trajectories. The programmed mission control of the visual
simulation equipment will originate from a real time solution
of the spacecraft flight problem., The visual simulstion
equipment will provide a celestial display, earth-moon-sun
situation display, and earth/moon launch and landing displays.
The visual simulation equipment will provide capabdlity for
coordinated simultaneous viewing from windows, periscope and
astral -sextant in such a way that the relationship of the
. display presented to each viewing means will maintain the
correct relationship between field of view, angular dis-
placement of the line of sight, and the observable portion
of the displaey., Realism of ¢olor will be maintained in the
display in accordance with best available data on color
attenuation due to atmospheric affects. The display shall be
of sufficient accuracy to permit meaningful quantitative
observations for navigational purposes. The presentation of
the earth and the moon shall be of sufficient resolution
that realistic observation of surface detail corresponding
to the simulated altitude may be ob‘ained, Lsunch and
landing modes may utilize a represent:tion of specific areas

for the lower altitude earth/moon representation with a
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smooth transition to the wider field of visual coverage
recuired for other pheses of the mission. Provisions shall
be incorporated for realistically presenting movement into

or out of, the fields of view and at the seme time simulating
the occlusion of the celestial display, the earth, the moon
or the sun, as required for accurate presentation of the
visual situation. The earth/moon displays shall continuously
show the proper size relationship corresponding to the
simulated spatial position of the spacecraft. Provisions
shall be included for simulstion of sunlight ingress through
the viewing windows cnd optical viewing instruments, The
shafting effect of sunlight shall be simulated through the
viewing windows, Trensmission of visual information from

the visual displey simulation equipment to the crew member
observation facilities will be by light-optical techniques

or approved equivalent,

Computers and Peripheral Equipment

Analog and digitsl computers including analog-to-digital and
digital-to-analog conversion equipment will be provided,

The digital computing equipment will accept program control
routine and sub~routine functions and will serve as the
heart of the computer complex. Peripheral computing
equipment will consist primarily of analog equipment.
Anelog equipment will simulate the spacecraft flight para-

meters. This will include spacecraft configuration as
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related to weight, moments of inertia, accelerstions and
velocities, Step function and logical controls will utilize
digital computer circuitry for functional response, Utili-
zation of redundant equipment will be required to maintain
systems accuracies for extended time periods representative
of the Apollo mission. The computers will perform real time
solutions of all equation aecessary to represent the dynamic
behavior of the applicable spacecraft systems., Output data
from the computers will actuate the displays and associated
equipments, Computer flexibility will be sufficient to absorbd
changes in simlation (required by spacecraft system modifi-
cation), and incorporate adequate ranges without physical
modification of computing components.

Air Conditioning Equipment

The simulator design will provide for adequate positioning
and spacing of comporents whose operation involves the
release of heat at appreciable rates so as to prevent
excessive temperatures in their immediate environment.
Normal convection will effect the dissipation of heat gen-
erated by electronic components., Where the rate of heat
dissipation is too high to warrant reliance upon normal
convection for cooling, forced ventilation will be instal-
led. The air conditioning equipment will also provide

ambient temperature control of the training area,
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3.2.3.7

Interface Equipment

The required interface equipment will provide interconnection
between the simulator and Mission Control Center and remote
monitoring sites, Primary control of the simulator will be
via the Mission Control Center through the interface equip-
ment with overall management at the instructor-operator
station(s).

Power Equipment

Fower generation, distribution and control equipment will

be provided as required,
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3.3

Crew Survival Trainers

The crew survival trainers will be designed to provide crew
training in tasks related to command module egress within
simulated environments typical of the Apollo mission complex,
The training will encompass those tasks within, and external
to the simulsted command module that are required for the
specific environmental situation to be simulated by each
trainer, Individual trainer configurations will be depen-
dent upon tasks to be performed and are described in the

following paragraphs.
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3.3.1 Bgress Trainer §T14—8600012

3.3.1,1 Description

The Egress Trainer will provide the training and practice for

& three man crew to develop control skills relative to

egress procedures upon return to earth from orbital or lunar

flight. The trainer will provide simulated situations for

normal or emergency egress from the command module after an

earth or water landing under a variety of environmental and

atmospheric conditions including temperature extremes.
3¢3.1.2 Performance Capabilities

The Egress Trainer consisting primarily of a simuleted

command module, will be capable of egress treining under

‘ conditions which include:

(a) Unusual attitudes of capsule upon landing in rough ter-
rain, or caused by the possible tumbling of the capsule
during an earth landing resulting in a capsule upset.

(b) A water landing in rough seas causing violent capsule
rocking resulting in the hampering of normal egress
procedures,

(¢) 4 shift in the command module C.G. resulting in the up-
set of the hydrodynamic stability after water impact.

(d) Land or water landing in all areas from topics to the
Artic under extreme atmospheric and environmental
gsituations,

(e) Power failure necessitating the switchover to manual

66 COREIDENTAL
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control and operation of the egress hatch system,
(f) Crew incapacitstion resulting in the emergency egress
by exterior methods,

Only the following control systems are in full or partial

operztion during the egress operstions:

(a) Egress hatch system

(b) Communications system

(¢) Electrical power system

To avoid redundancy, only those portions of each system

functioning during the egress phase will be considered

active and included in the trainer concept., The trainer will

duplicate these functions by the utilization of actusl system
. components where practical or modifications when desirable.

3.3.1.2.1 Egress Hatch System

The egress hatch system consists of both a pyrotechnic and

manually operated series of clamping devices which surround

the hatch and hold it firmly in position over the command

module egress opening. The pyrotechnic system involves the

use of gas generators which when fired will eject the hsatch,

The pyrotechnic devices are ectivated by an arming and

firing DC circuit through switches located on the command

module instrument panel, The manual operation of the sys-

tem in an emergency is accomplished through mechanical

disconnects,

SID 62-=358
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3e3.1.2.2

3.3.1.2.3

For the treiner application, the egress hatch system will
consist of both an electrical and mechanical system, how-
ever, the pyrotechnic devices will be substituted by a
solenoid and spring action controlled from the instrument
panel by simulated hatch system controls,

Communications System

The portions of the communications system which function

during the egress procedures are as follows:

(a) H,F. voice and beacon

(b) Rescue beacon

(¢) V.H.F, voice and data

(d) Personal communications

(l) Intercom system between crew members consisting of

a belt pack in the space suit containing & trans-
mitter and receiver,

Communications controls are located on the command module

instrument panel and consist of "ON" "OFF" switches and

mode changes. For the trainer application only the per-

sonal communications sub-system will be utilized, Inter-

coms will function between crew in space suits and instruc-

tor or monitoring group for the recording and evaluation of
crew activities,

Electrical Power System

The portion of the electrical nower system utilized during

egress is a post-landing 100W battery with a three day

-68- TOREDENEA
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3.3.1.2.4

3e3.1.3

3.3.1.3.1

N

life expectancy., This power supply will provide power for
the operation of the communications system and the environ-
mental control system,

Mechanical System

The mechanical system will include only that portion which is
directly related to the operation of hatches, airlock and
survival and recovery aids deployment,

General Requirements

To provide for the complete and effective crew training, the
egress trainer will require the following major asseublies,

Simulated Commend iodule

The simulated command module will be an suthentic replica of
the actual spzcecraft with regard to shape, size, weight and
hateh and airlock configuration, The interior configurstion
will include all actual, modified or mocked-up controls,
equipment, displays, etc. 4ll equipment and controls per-
tiner.t to the egress problem will be actual flight units
where practical or operational modificstions. Such other
equipment not directly associated with egress will be mock-
ed-up actual size and installed in the correct location.
hatches, windows, airlock and such mechanical or electrical
devices necessary for complete simulation of hateh and air-
lock removal will be duplicated and operable. The simulated
command module will hsve hydrodynamic characteristics and

will be mobile or have supporting structure and capabilities

-69.- ~CONRIBENTIAL
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3.3.1.3.2

to the extent of being transported to various land or water
locations to simulate egress training under a maximum
variety of environmental and atmospheric conditions. A form
of protection will be included to protect the simulator during
transport and handling or land or water.

Hetch Configuration

The hatch configuration consists of three hatches located on
the comnand module side wall in close proximity to each other.
The center hatch, approximately 34" high by 28" wide at the
base, is normally used for ingress and egress, The two
other hatches located one on each side of the center hstch
are both approximately 30" high by 27" wide at the bese, A
15" diameter viewing window is part of each hatch, Under
actual flight conditions the center hatch is considered the
normal for ingress and egress. The smaller right and left
hatches are for emergency use only., All three hatches are
capable of being blown free from the command module body

by pyrotechnic devices through an arming and firing circuit,
or being ejected by msnually operated mechanical latches.

For the trainer, no pyrotechnic devices will be incorporated,
The hatch removal in this instance will be accomplished by
solenoid or spring actueted letch wechanisms., A hinge
assembly to keep the hatch attached to the simulated command
module for furtier use will be provided, The manual mech-

anical method of hatch removal, with reference to operating
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’ levers, handwheels, etc.,, will be identical to actual space-
craft configuretion, with the exception of the hinging
arrangement or similar structure to prevent loss or damage,
The m&in, or center, hatch is capable of exterior manual
removal,

3.3.1.3.3 Air Lock
The commsnd module air lock is used as an emergency egress
hatch, and is normally opened and controlled marually through
a series of mechanical latching mechanisms. In the simulator
the air lock and control devices will be reproduced to actual
spacecraft configuration., The air lock in an emergency will
be capable of being opened from outside the trainer,

. 3.3.1.3.4 Recovery end Survival Equipment
The recovery and survival equipment normslly a part of the
spacecraft at the egress phase, or activated during the
landing procedure, will be stowed in the simulator either as
actual equipment or mock-ups, The recovery and location
aids equipment will consist of radio beacons, sofar bomb,
dye-markers, flares and light beacon. The survival equip=-
ment will consist of space suits, food, water, fishing gear,
rafts, firearms, tools, ropes and shelters, The recovery
equipment is deployed by electrical methods activated by
switches located on the command module instrument panel,
Survival equipment is manually deployed. Spece suit

environment is controlled and capable of operation for a

SID 62-358
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3¢341.3.5

343414346

twenty-four hour period by the post landing battery power
supply in the command module,

Power Equipment

The power equipment normally in operation during the landing
and egress phase consists of a 100W, 28 VDC post landing
battery. For trainer use a conversion power supply will be
incorporated to fulfill all electrical requirements for
communications equipment, instrument panel displays, switches
and electrical operating devices, lighting, environmental
equipment and control and monitor console equipment.

Monitor Console Panel

A monitoring console will be supplied to monitor, record and
evaluate the crew's actions during normal and emergency egress,
Controls and displays in operation during landing and egress,
as part of the command module instrument panel will be dupli=
cated on the monitor panel, Communications between crew and

instructor will be supplied.
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Operation Trainer (T

Description

The Moon Base Operation Trainer will provide integrated crew
training in post lunar landing activities as related to lunar
surface entry, surveillance, scientific exploration and return
to spacecraft, The trainer will be mounted upon a limited
model of the lunar surface representative of the projected
lunar landing and surveillance area,
Performance Capabilities
The trainer will be capable of simlating the performance
characteristics of spacecraft systems required for post lunar
landing activities and will provide facilities for lunar sur-
face activities extraneous to the spacecraft. Normal and
alternate lunar egress procedures will be exercised, The
trainer will provide the following moon base operational
parameters:

Simulated Spacecraft Operation Duty Cycles

Spacecraft Egress~Ingress Procedures Including Airlock

Operation

Spacecraft Off-Loading, On-Loading Tasks

Inspection of Spacecraft for Structural Damage (meteroid.

collision, landing impact, etc.)

Lunar Surveillance and Scientific Exploration

Life Support and Survival Equipment Operation

Crew Member Intercommunication

SID 62-358
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3434243

3e3e24301

343424342

DSIF Communication

Iunar Pre-Launch Activities
General Equipment Reguirements
The following minimum major equipments will be required to
provide complete and effective crew member training in post
lunar landing operations,
Similated Spacecraft
The simulated spacecraft will consist of a combined command
module, service module and lunar landing module mockup, struc-
turally and physically representative of the external structure
of the actual spacecraft in the post lunar landing configura=
tion, Internal arrangement of the command module mockup will
represent the actual command module with respect to size, shape,
and equipment location. Control.s and displays which are func-
tionally operable during the specified phase will be physic—
ally and operationally representative of the controls and
displays in the actual module., Consideration will be given
to simulating typical spacecraft structural damages to provide
crevw member motivetion for post lunar landing structure
inspection and potential repair,
Operator Station
The operator's station will provide the proper inputs to the
simulated spacecraft for initiating crew member activities
related to spacecraft egress, The station will consist of

controls and displays for providing the following functions:

75~ VbR
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3.3.2.3.4

3s3s243.5

Representative spacecraft operational system readouts and

controls

Selection of normal or alternate crew egress
Intercommnication with crew members

Reception of data transmitted by crew members from lunar
surface model

Iunar Surface Model

The model of the lunar surface will duplicate the anticipated
terrain and celestial features and immediate environs of the
lunar landing area., The model will be limited in size and
accurately scaled to provide realism in the lunar environment
for crew member observation, surveillance, scientific explor-
ation and equipment utilization during post lunar landing
operations external to the spacecraft. Provisions for sound
danping will be included,

Conditi uipmen
Alr conditioning equipment will be provided for internal
ventilation and ambient temperature control of the simulated
spacecraft, Where ambient temperature control is required
external to the simulated spacecraft, air conditioning will be
provided, Ambient lunar light conditions will be simulated,
Power Equipment |
Power generation, distribution and control equipment will be

provided as required.
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3e3.3 Weightless Progedures Trainer (T14-860009)
30530t Descrigtion

The Weightless Procedures Trainer is a device that will simulate
free-floating conditions and will provide for the safe training
of a three man space crew in developing skills realtive to the
activities, within and external to, the command module under free-
floating conditions. The module is completely filled with and
submerged in water, The Weightless Procedures Trainer will also
provide training for crew members in the expedient emergency
egress from a submerged vehicle,
3e3.342 Performance Characteristics
The trainer will be designed to provide crew performance training
. in underwater stress environment. The primary functions of this
device are to:

a. Analyze and evaluate the problems of crew motility under
simulated free-floating conditions,

b. Train crew members in the location and operation of various
equipments and controls under conditions of unusual body
attitudes and command module reference,

Ce Provide crew training in expedient egress from a submerged
capsule,

d. Conduct time/motion studies as related to crew activities
within and externel to, the submerged simulated command

module,

—76- ~SSREEaETAL
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€. Permit observation and recording of various problems assoc-
ed with crew orientation under simulatéd conditions for
future space crew indoctrimation,
The simulated command module will be gimballed through a supporting
structure to allow rotation in a single degree of freedom through
360° in the pitch axis, This freedom of rotation will allow either
random lock-in positioning at any point to simulate momentary or
lengthy capsule attitudes, or continuous rotation of the command
module to simulate tumbling effects. The control of the gimballed
axis rotation will originate from the remote instructor operator
station(s). This rotationsl action will provide additional crew
training relative to the orientation and utilization of capsule
‘ control equipment during various pitch attitudes, Mechanical
controls will be available within the simulated command module
pertinent to hatch removal and airlock operation,
3.3.3.3 General Equipment Requirements
To provide for the complete and effective crew training, and to
perform the analytical studies of crew motility problems under
free-floating conditions, the following major assemblies are
required,

363030344 Simulated Command Module

The simulated command module will be an authentic replica of the
actual module with regard to interior and exterior shape and size,
The interior configuration will include complete synthetic mockups

of controls, displays, equipment, couches, etc, All mocked up

~79- ANRNEREN
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equipments will be representative of the actual size, shape, and
locetion as found in the actual command module. Windows, hatches,
air lock and such operable mechanical controls and structure
necessary for complete simulation will be duplicated and opera-
tional.
An illumination system together with a closed circuit television
‘system will be provided and installed within the simulated command
module, The TV cameras will record and displey through remote
monitors the action of crew performances within the capsule during
various module attitudes and training phases. Personal propulsion
devices, as part of the space suit assembly, will be provided to
enable crew members to transport themselves within and out of the
. nmodule as simulation of space weightlessness. Removable command
module instrument and control panels for assigned repair and
maintenance tasks will be provided. To enable rapid emergency
exit from the simulated command module, break away panels and other
structure sections will be incorporated,
The simulated command module will be supported by a frame struc-
ture such that a rotational movement about the pitch axis of 3(50c>
will be accomplished, This rotation will be capable of forward
and reverse directions and be either intermittent or constant to
simulate various pitch attitudes during actual flight conditions.
The full control of pitch axis rotation relative to direction,
speed, duration and holding will be from the remote instructor-

operator station console,

-80- NENEIEN

SID 62-358



g

N
NORTH AMERICAN AVIATION, INC. ( F\ SPACE and INFORMATION SYSTEMS DIVISION

NE

The materials used in fabricating the module will be unaffected
by extended underwater usage, The external shell structure will
be fabricated of transparent material to allow observers to monitor
crew member activities within and exterior to the simulated command
module, The shell structure ﬁill be such that provisions for
immediate egress through a monitoring and observation cutout in
the command module wall will be available in the event of an emer-
gency.

303034302 Water Tank
The water tank to enclose the simulated command module will consist
of a cylindrical vessel and will be of adequate size and capacity
to completely submerge the module through a 360° rotation, regard-
less of trainer attitude., The single axis rotational support
structure (for mounting the module) will be attached to the base
of the tank interior. Observation platforms and viewing ports
will encircle the tank exterior for complete unobstructed survei-
llance and recording of capsule events and crew activity, Illum=
ination ports and flood lights will be mounted on the exterior
structure of the tank to provide underwater illumination for
improved visibility.

3.3.3.3.3  Water Control Equipment
The equipment required for the filling, draining, and maintenance
of the water tank will consist primarily of a recirculating water
supply including water pumps, filters, heaters, control valves
and plumbing as required for the interconnections between the

tank and water supply.
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CORmETNY

3e343.3.4 Recording and Monitoring Equipmen:

A closed circuit television system will be installed to provide
supplemental data for remote classroom instruction and observation
of the actual training activities, Motion picture cameras will
provide permanent recordings to aid time and motion studies for
future space crew indoctrination.
3.3.3.3.5  Operator Station
The operator's station will consist of a simplified console con=
taining all controls required for managing:
Pitch attitudes of the simulated command module
Intercommunication between operator and all observers
Underwater tank illumination
Command module interior illumination
Command module interior television cameras
3.3e3.3.6 Power Equipment
Power generation, distribution and control equipment will be

provided as recuired,
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3.4 Module System Trainers (Maintenance Trainers
The Module System Trainers will be designed to facilitate the transfer
of knowledge and attainment of proficiency required for understanding
of the major systems, and for the performance of tasks and procedures
relative to maintenance and checkout of the Apollo systems., These
tasks and procedures include removal and replacement of components,
malfunction isolation and correction, use of GSE, and system alignment,
adjustment, calibration, etc., as required by system design. Each
trainer will be provided with an instructor's station which will include
controls and displays required for effective system demonstration,
Each tr-iner will be supplied with appropriate power equipment required

for system activation. Individual trainer configuration is dependent

upon the system characteristics and will be as described in the follow-

ing paragraphs,
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34401 Service Module Propulsion System Trainer (T14-86001

The Service Module Propulsion System Trainer will provide trairing

through demonstration and practice, in system flow, checkout, adjustment,

removal, replacement and repair of components, and system servicing,

The trainer will consist of the following major sections:

a., A layout of the system, including components and/or facsimiles of
comporents, lines and wiring mounted in their proper relation on
a vertical display panel, Where feasible, components will be
sectionalized to demonstrate internal operation. The sectionalized
components will be mounted so that they may be removed for indi-
viduzl demonstration of part replacement and servicing., Components
will be operable where operztion is advantageous to trsining,

‘ Redundant portions of the system will not be included, Crew con—
trols ard displays ard instructor corirols, to insert rnlfunctions
and signils from roloted syotens, will be incurior tod in o troiner
GP L L GLLiUs e

Yo adicevimal cection tu present system flow, component location,
checkout points, etc. This truiner will back vroject truvslucent
training material, such as schematics, flow diasgroms, component
detzils, ete.,, on a screen, lotion, where required, will be simu-
lated by polarization methods, The zudio section will be synchro-

nized with e individl vicual presentutions to give descrintive
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¢. Liguid and gas tanks, together with necessary plumbing; and the
engine gimbal mount and actuctors, mounted on a frame structure.
This section of the trainer will be designed to operate with fuel,
oxidizer, and He GSE transfer units, To afford practice in hand-
ling procedures, the tanks may be filled and drained as in the
spacecraft, but non-hazardous liquids mey be used, The engine
mount section may be separated from the tank section for instruc-
tion on the operation and adjustment of the actuators, which will
be operable,

d, GSE transfer units,

e. Power supply equipment,

SID 62-358
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4.2 Compmand Module Reaction Control System Trainer §T1g-8600162

The Command Module Reaction Control System Trainer will provide training,

$)

through demonstration and practice, in system flow, checkout, and rem-

oval, replacement and repair of components. The trainer will consist

of the following mejor sections:

a. A layout of the system, including components and/or facsimiles of
components, lines and wiring, mounted in their proper relation on
a vertical display panel, Where feasible, components will be sec-
tionalized to demonstrate internal operation, The sectionalized
components will be mounted so that they may be removed for indi-
vidual demonstration of parts replacement and servicing. Components
will be operable where operation is advantageous to training,
Redundant portions of the system will not be shown., Crew controls
and displays and instructor controls fo insert signals from other
systems and malfunction indications will be incorporated in the
trainer operation console,

be Audio-visual section to present component location, system flow,
checkout points, etc, This section will back project translucent
training material, such as schematics, flow diagrams, component
details, etc., on a screen, Motion, where required, will be simu=
lated by polarization methods., The sudio section will be synchro-
nized with the individual visual presentations to give descriptive
information.,

¢. Power supply equipment,

SID 62-358
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' 3¢443 Service Module Reaction Control System Trainer (T14-86001

The Service Module Reaction Control System Trainer will provide

training, through demonstration and practice, in system flow, checkout,

and removal, replacement, and repair of components. The trainer will
consist of the following major sections:

a. A layout of the system, including components and/or facsimiles
of components, lines, and wiring, mounted in their proper rela-
tion on a vertical display panel, Where feasible, components
will be sectionalized to demonstrate internal operation. The
sectionalized components will be mounted so that they may be
removed for individual demonstration of part replacement and
servicing. Components will be operable where operation is advan-

. tageous to training. Redundant portions of the system will not
be displayed, Crew controls and displays and instructor controls
to insert signals from related systems and malfunction indications
will be incorparated in a trainer operztion conmsole,

b. Audio-visual section to present component location, checkout points,
system flow, etc, This section will back project translucent
training meterial, such as schematics, flow diagrams, component
details, etc., on a screen, Motion, where required, will be simu-
lated by polarization methods, The audio portion will be synchro=~
nized with the individual visual presentations and will give
descriptive information,

¢. Power supply equipment.,
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3.4.4

cape System Trainer (T14-860018)

The Launch Escape System Trainer will provide training, through
demonstration and practice, in system operation, checkout, installation
and adjustment including the tower jettison system.. The trainer will
consist of the following:

a. A frame structure supporting a simlated lower tower section with
actual disconnect mounts (disarmed); a simulated upper tower sec—
tion mounting simulated launch escape motor and tower jettison
motor with actual adjustable mounts; and a trainer operation
console. The console will incorporate the command module controls
and displays, and instructor controls which will provide simulated
signals to initiate launch escape or jettison sequences and selected
malfunction indications. System electrical circuits will be
duplicated,

b. Power supply equipment,
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y in sequential system operation, checkout,
and installation. The trainer will consist of the following major
sections:

a. A suitable structure supporting a simulated parachute compartment,
a simulated section of the lower heat shield, and a trainer opere
ation console, The simulated parachute compartment will incor—
porate a removable cover, actual parachute attachment devices,
facsimile main and drogue parachutes, expulsion and jettison
devices (disarmed) and facsimile location aids, The sirmmlated
heat shield section will include one set of impact attenuwation
struts and will be so designed that extension, retraction,
adjustment, and servicing of the impact attenuation system may
be demonstrated and practiced. The trainer operation console
will include command module controls and displays; instructor
controls to initiate sequencing and to introduce malfunction
indications; simulation equipment to provide seguencing signals;
and system circuitry to provide for use of GSE checkout equipment,

b. GSE checkout console

ce Power Supply equipment.
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6  Environmental Control System Trainer (T14-860020)

The Environmental Control System Trainer will provide training,

through demonstration and practice, in system operation, use of check=-

out equipment, malfunction isolation, and removal, replacement, and

servicing of components., The trainer will consist of the following
components:

a&. A frame structure supporting system components and/or facsimiles
of components, lines and wiring, mounted in the same relative
location as in the spacecraft, insofar ss practicable. The com-
ponents will be operable as required by the training need, and may
be sectionalized for demonstration of internal operation and
servicing. In general, redundant portions of the system will not
be included, A trainer operation console will be a part of this
section, In this console will be simulation devices which will
provide "GO" or malfunction signals to this equipment., The trainer
operation console will also incorporate the command module controls
and displays, and instructor's malfunction controls.

be Audio-visual section to present complete system flow, component
location, redundant systems, etc, This trainer will back project
translucent training material, such as schematics, flow diagrams,
component details, etc., on a screen, Motion, where required, will
be simulated by polarization methods. The audio section will be
synchronized with the individual visual presentations to give
descriptive information.

c. GSE checkout equipment,
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3e4.7

Electrical Power System Trainer §T14:§600212

strical Power System Trainer will provide training, through
demonstration and practice, in fuel cell charging, operation, and
management; and power distribution system operation and checkout,
The trainer will consist of the following sections:

a, A suitable base structure supporting qufgg;g fuel cell components,

including HZ’ 02, and N2 containers, one fuel cell, an adjus e

load bank, and remote controls, To afford practice in handling

procedures, the Hz, 02, and N, containers may be filled and drained

2
by use of the arvropriate GSE transfer uniis, The fuel cell will

be completely operzble through tue io. Lanl, cand will be controlled
from = remotely located trainer console, Due to the criticzl nature
o

of the fuel cells, no mulfunctions will be inserted, 7 °

b. A fuel cell management section, which will include a crew station
console-afd an instructor's console. The crew station conscle. -

o

will present theiéoﬁmand module controls and displajs} so that

~ L.

the critical fuel cell system management functions may be demon-
strated end practiced, These controls and displays will include
those, for example, for 02, H2, and N2 pressures, electrolyte
temperatures, 02 and H2 flow, radiator temperatures, radiator
flow, and water temperature and flow, The instructor's console
will incorporate simulation equipment to inject indications of
malfunctions, which might possibly occur in the spacecraft, into

the crew console displays, so that instruction in proper remedial

actions may be accomplished,

SID 62-358
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c. A vertical display, on which will be mounted the power distribution
system components, The distribution system will be fully operable,
except that bus loads will be represented by illumination. This
section will incorporate provisions for system checkout, and will
include instructor's controls for the insertion of indications of
malfunctions or abnormal conditions,

d. GSE as required,

e. Power supply equipment as required.
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GSE, and removal and replacement of components, The trainer will

consist of the following major sections:

2, A console-type trainer, mounting system components or facsimile
equirment, Components will be operable, and facsimiles will
incorporate such simulation as required to provide correct indi-
cations for system checkout, Typical antennas, including the
large rerabolic antenna with its extension mechanism snd contrcls,
will be incorporated in the trainer. Redundant systems will not
be included. A trainer operation panel will be a rart of the
console, and will include instructor controls for insertion of
simulation interface signals, and malfunctions as required by
the training need.

b, GSE checkout console,

C. Power supply equipment,

- 10t 0ONEBENTY
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Instrumentation System Trainer (T14-860023)

The Instrumentation System Trainer will provide training, through

demonstration and practice, in the operation and checkout of instru~

mentation systems which are not included as integral portions of other

system trainers, e.g. radiation detection, bio-medical, etec, The

treiner will consist of the following components:

a, A console type treiner, mounting actual components, facsimiles, or
schematic presentations on interchangeable ranels., Racks will
be provided for stowing the panels when not in use. Trainer
controls will be provided to inject malfunctions and simulated
signals into the v-rious sub-systems for demonstration and checkout,
A test bench surface will be provided for checkout of individual
components, Provisions for interconnection with GSE checkout
concoles will be incorporated,

b. A frame structure surrorting the reriscope for use in instruction
in alignment and adjustment,

Ce GSE as renuired,

d. Power supply equipment es required,
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3,4,10 lavigation and Guidance System Trainer (T14-860024)

The Navigation and Guidance System Trainer will provide training,
through demonstration and practice, in system operation, checkout,
qualifiecation, =nd analyticnl trouble shooting, The trainer will
consist of the following sections:

a, A console type structure mounting the system components in their
proper relative location; command module displays, and trainer
operation controls and equipment. The system components and dis-
plays will be orerable, and provisions will be rade for inter-
connection with the system GSE checkout esuipment. Simulation
equipment will be incorporated so that malfunction indications

. may be injected,

be. Audio-visual section to present date flow, computer operation,
alignment techniques, stable platform operation, ete, This trainer
will back project translucent training meterial on a screen, Motion,
where recuired, will be simulated by »olarization methods. The
audio section will be synchronized with the individuzl visual
presentation to give descriptive information and theory of opera-
tion,

¢c. GSE checkout equipment,

d. Power supply eguipnent,
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Stabilization and Control System Trainer (T14-860025)

— ——

The Stabilization and Control System Trainer will provide training,
through demonstration and vractice, in system operation, checkout,
qualification, and analytical trouble-shooting. The trainer will
consist of the following components:

a. A console type structure mounting the system components in their
nroper relative locations; command module displays, menual control
system components; and trainer operation contrcls and equipment,
The system components and displays will be operable in conjunction
with GSE checkout consoles, and selected malfunction signals may
be injected.

be A gyro rate table and associated control and test equipment for
demonstration and practice in checking and qualifying the system
gYros,

c. Audio-visual section to present data flow, computer operation,
alienment technigues, etc. This trainer will back project trans-
lucent training meterial on = screen, Motion, where required,
will be simulated by rolarization methods. The audio section
will be synchronized with the individual visual presentation to
give descriptive information and throry of operation.

d. GSE checkout consoles,

e, Power supply equiprment as required,
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